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Antioxidants: Chemistry. Health Effects, and AiDplications ; 
Editor Fereidoon Shahidi; Department of Biochemistry 
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=nS (2) Abstract of "Process for extracting antioxidants from 
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pages) ; ; 
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May 21, 1991 



^ocess for extracting antioxidants from Labiatae herbs 

Abstract 

!aiural plant extracts exhibiting improved antioxidant jjropcrtics arc prepared from ground leaves of the 
abiatae family of domestic herbs by application of a supercritical fluid extraction and fractionation process 
/ilh carbon dioxide under specific operating conditions. The extracts liave greater antioxidant activity than 
atural antioxidants extracted using other processes such as solvent extraction or molecular distiiiaiion. The 
xtracts of the invention are oil soluble, colorless and flavorless when used at the optimum levels and 
rovide more cost-effective protection from oxidation than existing natural antioxidants. They are effectve 
.1 animal and vegetable fats and oils, processed meats and fish, processed foods and beverages, food 
olorants, cosmetics and health-care products at usage reates of 0.01-0,05% of fat/oil. Starting materials 
nclude Rosmarinus spp. or Salvia spp. or Thymis spp. or Origanum spp. of the common domestic herbs 
oseniary, sage, thyme and oregano or residues of same after removal of volatile aromatic and flavor 
bmponents by means of, steam distillation, subcriiical carbon dioxide or supercritical carbon dioxide al 
)ressurcs of less than 350 bar. 
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;&ess fer nianufo^ of natural anlioxidanl producls from tea and spent lea 



.M)stract 



^Suj^endr b aiUioxiclan(s arc produced by ihc vacuum sicam disiillaliou t)!* alcohol extracts ol'spciU 

j'Sack^lea or spent green tea or even the lea itseH'. 
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Al>stract 

he walcr-solublc and fat-in:iolubIc polyphcnolic anlioxidanls (calccliiiiis) present in green lea arc juade into 
)luUon m an edible nonionie Itpid-solubic .solvent lV;r ihe lea calecliins selected Irom ihc gi oup consisting of a 
Illy alcolioJ containing S to 1 8 carbon atoms, inclusive, preferably 12 lo 14 carbon atoms, inclusive, and a 
:)n-ionie surface active agent selccled from ihc gi ouj> consisting of glyceryl mono-oleatc, liquid mono- and 
:-glyccndes, acylaled mono- and di-glyceridcs, benzy? alcohol, Uiacctin, caproic-eapiyiic acid polyglycerides, 
:>lysorbale, csj^ecially glycciyl mono-olcale, and mlMures thereof, wliicli solutions arc cfleclivc antioxidants ' 
fats, oil; foods, and ingicdicnls of foods without im!>arlini» undesirable flavoi-s. aroma*; :\rn\ nrcr.n'jtln**^^ 
;ncc It IS known that lea j)oIyphenols have positive oflecls on human health, Uic resulting stabilized b'pids can 
; cojisidercd to have nutritional <iualilies superior to the same lipid stabilized with common sjoiUielie 
itioxidanls. Unexj^cctedly slrong synergistic cifccls w ilh other natural antioxidants and \yiUi phosphates arc 

^O shown. • ; .' M-i : . 
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CLAIMS: 



1 claim: 

An anlioxichinl sohaiun consisling essentially ol' green tea 

eatechins clissolvetl in an edibl e non-innie lipidsoluble solvent for 

tiie tea eateehins selected IVoni the gi'oup consisting of a Tatty 
alcohol conlaininL^ 8 to 1 8 carbon atoms, inclusive, and a 
non-ionic surlaec active agent selected from the group consisting 
t)f >.'Jv ccrvl nu^niX'lcalc, lic |uid mono- and di-2 j,lycctides,.acylatcd 
mono- anTrdi^.lyccndes, benzyl alcohol^Jiiacclin, 
capr()ic-cap1yirc'^:rcicl~j)o]\'^v^^ i^olvsorb ate, and niix tiires _ 
"nVci'eon 

A solution ol C^laiai 1 wherein the edible solvent comprises a Tatty 
alcoliol containin?/ S to 1 S carbon atoms, inclusive. 
A solution of Claim 2, wherein the fatly alcohol contains 12 to 1-1 
carbon atoms, inclusive. 

A solution oi* Claim 2 which is essentially free of tea lipids. 
A solution of Clai n 1 wherein the edible solvent comprises 
gl^'cciyl mono-oieate. 

A solution ol' Claim 5 which is essentially free of tea lipids. 

.V fat, oil, latiy food or food ingredient substrate stabili/.ed-against 

oxidation with a s )lulion of Claim 1. 

A fat, oil, latty lb»>il or food ingredient substrate stabilized against 
o.\idation with a solution oi Claim 1 wherein the cilible solvent is 
a lalty alcohol co;;iaining S to IS carbon alonis, inclusive. 
A iat, oil, latlv lo jd or food ingredient substrate stabili/.ed against 
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SifSAMlNOL GLUCOSIDIHS IN SESAME SEEDS 

illKO'l AKA Ka r.Sli/.*\KI, .SlltJNKO KawaKIMU :iiu! 'I'USIIIIIIKO OSAWA* 
IX*ti. (I intent uf l Science aiiJ *i*cclin»»Iv>j:y. N.ijc^iy.i Untvct>ii>\ Cliikvj^u. Nagoya *iW.OI. J:ij>:in 



(/w ' lVi'i ' fi/ ill rrvi.wJ Jmitt 2S Jtily 

Key Wurd liulcx — ScMtttnitn i/n/ii'ij/zi; i*c Jaliaccac; :.cc*:n: lif:n:iii ^hicosiUcs; sc^aihtnol; antioAiJant^. 



.7i>iuict — 'i'ti*: sii iiciurcs t»l* novel scsaininol gluco.siilo iMiIaiCil from icsainc iccd were UctcrmincJ lo be :icsain]uoI 2'- 
h/-u-i;ii"''^M>y'''»"''»-'»^'^*. >CN;in»iiu>I 2'-0-//-i>-j:luci>i)yr;iiu>Nyl ( I » 2).0-//-i)'t:liici>p>TaiioiiJc ami Ncsatniiiol 2'-W-/i-i>- 
tj^yopy'^ (I ■ • 2)-f^-j7i-li-j;liiCupyraM.%yl (I ■-»<i)^J*/i-l>-|:liiv .•|^yl;llu»^illc. 



IN I ICOniU'l lON 

vi'j hiivc been invoUetl ni ihe iM>ia(ii>n ami .sinictur.it 
MttrininatiiMi uf Ji|:(i;tii ^itut ihivmuMU };luei>>i\le.\ in jtlaiit 
^ulcfK»I>. ill pai liciil.ir. ^e^:llne ncciI 1 . 2 j aiui yi)i)i)^: 
barley leaves { }\. 'i liCNC liV.iian anvl tl.i v«.>iuiiil 
•.cuiulcs ^lu>\v Mioii|', aiiiivixiJali ve aciivily both in 
vxsiaiul l>ioK>i;ieal nu>ilel Ny.%iciu:.. Nv>\v we have Mieece- 
\iu\ isolalii)^; pieeur.%or& k>( autioxklant:^ which weie 
r.fnuincJ to be Mi>vei :iebaininol mono-, ilt- aiul tri* 
/xosiJes. *rhc:ic Ct>n)|>outul.s, especially, tnnao- atul 
:jlucusivle.s weic leNiMaiit lo hyilroly.sis l)y //-jjIvicom- 
'4;£.lii tlii.N paper. Ave lepyrt the Ntruciural itetei'iniiiatii>n 
^/ihcic contpouiul.N atul dizkcuss their hyilrolytic bchavi* 



UMMn.lS ani> iji.scus.mon 

Sc»mc secU (250 i:) was grounvl a luL dcfiiLl t c il w it lj_ n- 
^uncatul cMraeteil with SO"/- etiianul. The SDV- eihaiiol 
Vj^JCi wai Jirk.Nolvcil lit .'iO luM acetate bullet* pi I ^.A anti 
SN'jolyicJ ovcriiii:lit with //.gluco.sida.se. The reaction 
j£*»iurc was extiactcil with ethyl acetate atiU the CAiraci 
JftfificU by i>rcparative ill'LC to i;ivc six conipounJi. 
/f'Cipouails I —J were ulenlilieU a:^ pinorcsinol (I) [-1], IM 
ic:ianioIini)l {^) [6] aiuI .sesaniinol (4) []7j by 
t*i>.iriion of analytical data with tho.se i>f authenijc 
y^pici. Conipotnul 7 was isolaleil fi otn the i>0*/» ethanol 
^ict of sesame sec J iisinj; an XAD-2 column' and. 

SCompouiurs showed a [M Na] * peak at m/z 555 
Pviviiive l-*AIJ-Mias:. ;;j7eciri>:neiry. The MINMK 
V^-^lllz) ;Juiweil the presence of inelhylene dio.xy 
r*Ps{.J5.i;3 and 5.y<») and a furanofuran moiety (.^ 2.y»S, 
,^'.4.0f». .km;. .1.26. and 5 J S). The anii merie rcKio n 
;»^.j.i|u)\vc^i a l_Jt.-l - 1 ri:.n bst i t nte vl i i ni; (iVol'/H, O.iil, and 
and *.Y'//i*ir<i-siibNtiiiiied rin« (»56.»2. 211, .v). The 



lo whom eitiic.\pi>iulcncc klumUl t>c aditf 



cl.vinical ;.hifi.% were identical to those of sesaminol, 
M)):^:eMing that 5 had sc^aminol a:: it> at.:lycone. The other 
chcintc.d Nhifi inilicates that 5 had a i>*glucosc moiety. 
v\»iip(ii4: Ci>ikNiantN L»f the anonicric pjoton i»f i>-t;lueose- 
.11 .v »..S5 (V I l/J nulicate.% that the anomeiic conliguraiion 
w.i:. /; [SJ. Mmeover. *-*CNMK .'ipecira also conlirnied 
ih.K 5 hail a sesaininol n)oieiy aiul une molecule of 
f.liicoNC in it.% siritciiire (Tables I and 2). Compound 5 
i.:ci:»:raied scsaminol and n^cthyl i;lucoside by meih- 
aiiv.ly.sis. Soaininol was idcnlibcd by coiiiparison of iis 
rc!cinti>n liuic by llVl.C with an auiiientie sample. Tlic 
C I etc lit ion lime i>f th e TM Si derivative of the su^iar 
pafi w as e.\a cti>;^lhe same as that of an a_utheni[c TMSi 
* ileViva'ii\M:_ of inejhyl^iiluco^niJe^^ Since the MM DC spec- 
irui.i .showed a cross-]7eak at C*2V'ii-Gi, scsaminoi had 
^tUicoic at I lie 2'-i)osition. Krom these results, 5 was 
detcrnnned' to be scsaminoi 2'-0-//-D-glucopyranoside. 

Comj)oun^l 6 also has the same chemical shift for ilic 
ai;lycone moiety as scsaminoi bni contained two su^jars 
in lis .#truciiire. JQie posit ive I'AU mass sjjcciriun showed^ 

a [.'- t -h Na] peak al_ //i/z^J7 17. Methai)olysiso:ic 

scsaminoi and i>-i;lncosc as products. The i^ijb'^^^^^^i'if 
' ideiiiit'ied as sesamiuol by ~U P-M PLC- The suijar was 
*'characteri/.ed as glucose by GC of its TMSi derivatives. 
The !nass spectral and i))cthanoly:;ts data indicated that C 
wa> I scsaminoi diglucoside. The linkage pattern and 
anon.ertc configuration of the sugar. inoicCy were deter- 
mined by NMK spectroscopy, incluiliiufHMliC. *M and 
*-*C NMK chemical shift data arc given in Tables 1 and 2. 
In the Ml NMK spectrum of 6, the two doublets al .54.63 
and 4.90. were a.Ncribed to ihe anomeiic protons. The 
a Homeric Ci)nrir.urations were deduced from the coupling 
coiKsiauts. Values obtained for the coupling constants of 
the aiiomeric jiroion of o-glucosc (7 and iill:^) were 
cha:\.vierisiic of the //'ConHguralion. The individual 
che.nical shifts of the sugar moiciy were readily idctuihcd 
from ;lie 20 NMK spectra (Ml~*M COSY. liSQC imd 
1IMI:C). The coupling constants of the sugar moiety 
were second order but not ideniiftcd; chemical shifts were 
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assigned by a MiiQC spcciruiiK The Ut^iu >ciiucncc anii 
poini of aiiachinciu lo ihc aglyconc were cviUciu from 



The 
Nhifi 



c chcnucal ihifl of OG2 :il a5;i.4. showed "J^^ 



hcluccu C-r/II-Cl ami 002/11.01' were ub.c.vcd. .r.^;./M>.gIi.copyra,iosyl (I ---J-C^ . 



^CompouiuJ 7 

j^hjnoly^iN 0 
.*^^ucis. Coinp 
li^^^tcc IJ.glu 
iUo dcicrm 
•i^»aril$ofihc 
ir'') and i.iy 

of ihc 
-^ttficM ihifl i 
signal of 
'^(»0, The s; 
one of 

'^Oiyl i-CiU 

^v^^UAand 
''^J in I he ; 



^•',j.T3blc I. Ml NMK &|>cciral iluut of 5-7 (270 MUx) 
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T»Mc 2. '^CNMH .jKCtfuI dam of 5-7 
(67.5 M J l^) 

Coiujiound 



5. 1 S ./ -I 
•1.06 ././ y. 

•1.26 ,/*y 

2.9K ifi 

4 63 J 5 



/,! 

jMO d 5 
.1.7K ././ .1 
•I. IK .1 
2.Sy m 
< .5'^ ./ 6 



2.K8 m 
•t.f,5.y 3- 
3.7(,- 

•i. 1 (> /fi 

2.«S m 
5.i6ii3 



.6 



55.4 
i-2.1 
71.5; 
54.7 



54.2 
S0.5 
71.0 
53.'> 



55.4 
li3,0 
73.5 
, SX4 



3.ii7 ././ y, 4 


4.00 ././ y. 4 


3.yii ,/,/ . 


4jy ,uy. 6 


4.1.Si/,/y, 4 


4.16/11 


6.M2 


6. SI) A 


6.yi A 


6..S2 


0..'t2 .< 


6.75* 


6.S5 ./ 2 


6.yj./2 


675* 


6.7K d .S 


f...S4 ,/ 7 


6.77* 


././ H. 2 


;«3 7, 2 


6.75- 




5.v5a 


ys7> 


5.yo 


.vyy.v 


5.yj A 


4.*5 d 7 


4.VO./7 


5.iy ,y 7 


3.50 


.l.5(» 




3.-M) 


.1.21* 


3.K! 


3.50 


.V21 


3.50 


3.50 


3. .VI 


.V72 


.1.72 


.»..•»:. 


3.HI) 


.».V4 


.1.711 


4.iiV 




4.(.3 ./ K 


4.K5 ./ S 




3.113 


3.2y 




3.10 


3.4.S 




.viy 


3.40 




3.4i) 


3.30 




3.41 


3.5li 




.i.5:» 


3.65 



4.3y ./ s 

3.21 

.3.3y 
.3.2y 

3. 1 7 
3.60 
3.62 



}u-vplmg comlanu for 2-(. proioi.x of .M.^iir luoiciicv and • 
»«KC.md Older. 

j WmI AliifiA were a.v»ii;ncd by M.SQC .%iiccira. 

i 

i 

^inipouiid 7 was a precursor of 5 and 6. The ncijaiivc 
nwss specif uin .showed a ['M - M] - j>cak ai m/z S55. 
-^"olysis of 7 Kavc .scsaininol aiui O-kIucosc a.s 
^•••vts. Cotnpoiiiul 7 was Wuis coinpri.Ncd of ^c:;an»iiioJ 
'ihfcc o-ijlucoics. 'I'hc anomcric conriKuraiioii of 7 
'».:o dcicnnincd to be // on ihc b:xus of ihc couphnK 
•^•'H50fiheanomericproionof7aiiS.»,3y(H Hz) a5 
*;);mU 5.iy (7 1lz). Onc of (he 2-po:aiion earbon 

of Ihc li-ijhicoiyi residue ai .KS2.-I showed a 
^••cld sliifi in comparison wiih the oiher 2-po.sition 
'''»^'Knal of the i>-i;hico.syl resitlues observed at i575.3 
^tJ- 'I'he same downlield shifi was s^b^ervcd in the 
^' one of ilic Cposiiion carbon signals of the 
^'^^yl residue P70.5. 63.0 and 62.4). The ID 
'•^MA and I ISQC spectra showed downlield shifted 

»ii the :jainc 0-t;>"^^i^yi ie.sidiic. 'i'hc j:uhhi .sc- 



it 
}> 
\ 

■>• 

y . 

4' 

y 



A" 
5" 
(.'• 

-DC! I,.0 
•W-i 

c;i 

c;2 
c;3 

C.4 

Cr. 
Ci- 
c;::* 

G3' 

G4* 

C5' 
CO' 

c;r* 

C?" 
G3' 
G4- 



.S5.9 
73.6 
125.5 
1 50.4 

yy.6 

I4 7.ii 
14 3.3 

lo.-^.j; 
136.S 
107.2 
I4S.7 
147.1 
I0.S.6 
120.1 
JU2.0 
loi.v 
I03.4 
74.7 
77.if 
7L2 
7S.0 
62.6 



ii4.4 
72.3 
124.0 
Mii.I 
97.5 
146.5 
141.5 
101.6 
135.5 
106.5 
147.3 
140.3 
107,9 
119.3 
JOl.O 

loo.y 
ys.7 

81.4 

7o.S 

69.5 

76.6 

60.3 
iO-I.O 

74.9 
77.0 
69.3 
76.3 
60.6 



K7.4 
74.5 
125.4 
I iO.O 
iOO.4 
149.4 
M4.S 
IU7.5 * 
136,3 
I0:i.s 

149.0 

1 49.0 

110.5 

122.0 

UM.4 

103.4 

101. 1 
K2.4 
77.7 

71.4 

77.4 

70.5 
103.9 

76.0 

77.7 

71.4 

75.0 
63.0 
104.7 
75.3 
77.9 
71.K 
7H.I 
62,4 



qucnce was ocicrmincd to be branched (l-*2} and (1 — 6) 
hnked. I roin ilicse results. 7 was determined to be 
sesannnol 2'.0./;.D.i;i„copyranosyI (1 -2)-C?.[//.i^.4;|uco 
pyranosyl (I -6}J-//.o.4;liicopyranoside. 

Con>poundi 5 and 6 were resistant for. hydrolysis by 
//-Kl"Co.sida.v.. These compounds arV "asiu lo be 
resisiani becauNC of Mcric\ hinUrajt^^^ 
/;'K»ucoiida.M. caiinoi aUack^J^ i!^^':^iJ}^'}S}}S^!^^^^' 
and" dii;Uico;ide:w because ihey aric very close jo_ a ji 
aromatic r in,, of .Ncsaniinol. although ihVdeiaircd Vcaciion 
ineehani^ni*. ..rc stilt unknown. 

Our data sukkcm that sesame seeds contain both 
aniio.\idaiive and non-antioxidativc liKuan glucosides in 
lar^e tjuaniiiicv Antioxidaiive hgnan iilucosides, e.g. yuno- 
rcsuiol i:Uico.ulcs. Kl'l. Ki>2 and Kl»3, may pUiy im 
nnpoiiant ru.e in aniioAidaiivc defence systems against 



I 




776 



plJmu conccnlraiions of vilauun b .» ral. CH]- 



<67 Mil/). i:«-M.S ilircci liucri.oi. probe .ii 70cV i All 
MS Xc ana Klycc".. a. inairix. Column: A.nbc.l.iu 
Mb. AC t» J ot^'s.S or lO and 

XAD-2. III'UC column: DcvcIomI ODS i 
IDcvclosil Sl-60.5 (Nomura Cl.c.n.suy). Jcicaor UV ... 

'""^Zi n,..U-rU.L .Sesame ^ccd (.SV.v |- )• 

i::;:;::c VAmi^L.-) .scum -cu-^«:;- 

oH 5) -riic read .01. mi.M. was cxiracica vv.ih LiOAv. I he 

ODS-IO (250x 20mmUl.). solvcm MeOII-ll,0 3.-). 
?ow ra.c 1 m. mm S . was purif.ca lo [ W ^^^^^^^^ 

K iU nin .U.). so veil I, McUM-ii:^>' * ' , ... 

.^5 m. mi.: '. S.. wa. pm UKa l.y p.cp. ' ' C u.u.c. .. 

roUowi... c ^.'^O O 2 lo v r;\l 

xXmmi.U.). M> vciu McOU-M.u 

^m - • a.u. imally purilWa ... 2 mu.cr . he follow...^ 

.olve.U MvOU , follow...,: 

was ,n.r.l.c.l .0 4 b> prw,.. " ^ ; j ,„,vcm 

MeOII-U.O 0:2). How rate 2.5 ml mm . I mall>. 
Mc.CO. The 60% McOl l fr. (74.8 ms) «a. .he. 



,„..i,WJ by prep. UIM.C umlcr ihc foUowmB coudhio,,^ 
c.,lum.. OcvclON.l OOS-5 (250x lO.mni.a.). iolvc„, 
.V.cOM-11,0 (1:1). How raic 2.5.«l.mn-'. I'u,^ , 
(19.0 mg) was obtained. 

,\/.i;..<.i<Wys'v. Mciha.iolys.s w:is e:»rricJ out „, j... 
liri-McOll a. BO- for 2br. • 

■buih-MV ../;nei/H"i"/>-Ms iirmltu is. I he hlOAc CMruv., 
of ■.uc.liauolys.s pro.lucu were analysed uuJer , he folio.. 
„w co.uii.io...s: column Oevelo..! ODS-S u.Vi 
X ,6mm..d.). solve... MeOll-H.O (3:2). How 
I ml min " ' The TMSi dcrivalivcs of ihc H ,0 layer of .he 
■Mcihanolysis proJucls were analysed by GC under the 

X 4 mm id.), column icmp. ISO. carr.er gas N, 
40 ml min" '. detector .FID. 



. , <L ^a.^}^ -6.2-1 (McOH; tl.i). UV 
■"'""'r'oo,-:): 5o e3.S2). 2.30 (3.S0). IK 
'■ • ;b 630 1 5^0 1 25071040. 1--AU..MS (pos.) ,n/z 555 [M 
Cn:;]- •irNMR (aecioncJJ: sec Tabic I. '*CNMR: 

^cc l able 2 _25.3 (MeOl l: 0.2). U V A^V" •>'»: 

'.T^^o (^4,^'236l4 0): IK v-;cm-': 3390. .030. 

.|. Nal'. '"NMR ll-"^^^"-"**-'- ' " 

sc.- lable 2 ^. .„,o„„,. 

^T'.^r I HH) --35 (3 97). IK vi.''lcm-: 3410. IWO. 
: nMK(0,0): see Table I. ' V NMR: sec T:iblc.. 
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Key Won 
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The r»iNi 
ijcvUum a [M 
wkeular fonm 
Ktc prcNCiu N» 
i?.05-(».7-l ran 
aiul a iloi 
- ';)uble vlt^ublcl . 

:Vli2 aiui .1 
.! .^3.M) .Mu\ ' 

nai rt»w 
' .i.?4j.; ;. s.l l» 

^tias.j u/i. 

^-icc broad >ii 
' ^•vub.Miiuievl. * 

'=<thyl a I .^.^.T*-* 
»VS6 aiul 
puhiplei al 0-» 

.^lin of ilirec • 
•-I'C'*cm in i\\c » 
; In the acciy 

U/. vviv 
were Nbil 
l^'ong dowtilW 



*\uihtir lo 




An'ooxi'datove effecc 



of sesanioi ai 
iocopherois at vasious ccncentraropms jn oils 
"durmo mscrcwave hediiiny ^ ^— ^ 



l ijromi YoiiliiUa " Sachiko Takacji 



Ihc u^U^ lUvc si;il):iiiv uf* t ..Vop:;c.-..|.>t ri i»,>ctl . .»ilN was Miulica iii»iU-r nMcr.»w:»vc 
.\\lcr..w:vvc :tccclcr;iic.l : i »xuI:iuon of llic purincil Mtl.slraic 1 he 

J- iJ.c oils N;>:»»aic;iuiiy (; n.iiS) ,-ci urilcil -iliuTiiXK microvvavo hcalini:. l>>;^ 

ov u»ct.i>hct-.»lN. ai/a :cK*-. ..liMuicN of ihcsc aniiiixiiUiniN. A cuiiibiiUirMUV - oi* ' 
ni>i-c cmciciit ;I»;M of Nc:.aini*l atul ilic oihcr I oC4>,>hcr.iil 

: 1 1 1 1 ; I N . U NCl-u I I c y c I n i » I* 1 1» c sc a i i i i i » x i *.l a lU n wcr c 
I.. . li i>>.lvW»l»J »»»^*»*«'** scsaiviol in lUy 

; I c c X- < / ' S " . I* > ) - 1 1 » a 1 1 . 1 h ii I » • i' ,1 » » ^ » j » I » y i* v | . ^ • >■ 
. ViiitioNiitaiiiN t'tir the i»ari/ic*L «»ilN \vv 2t% i»r ; 
• 1 1 »l i*c spec lively." • '* ' * ' 



AiiMi act : l ite cJK-; 
(;.;) to SDO pp:»v) mi 

».Ni»lativo Jctct-M»r;U M»M li 
;:;c atUlititui «>r Ncsaninl 
:.c.saint>l ami y-loc iipl.vft*! \v::s j 

Iwjiucs Ml io;iii>u»»i/: hyiU ..pcrti.Ni-.Vc t*o»-i»»au*»u i«» 
•UJOppin TiM- t..copht'i »»lv aiivl i>|>iii r.»V scsani 

tvll:; liuriiiU ii» ici .►w ;» vo liv-aiini: >Vi»-» :•i^;»iWic;lntly f> 
cnVcilvc c,Miil»iu.i*i«»i»N i.t" n.C'.ii»licr»>ls ami :.CNamo; ; 
.;i:a.ipiii .,r v-»*- '^^''Mn**'* or NOT.. 
• ■ l.VV V S n c i V I y » » r If; o 1 1 1 i v a I 1 Ti c liV.s I r v 



:x:cv'.vt»:*<!M : ;ir.:.'.» JliU- \':\\\W \ :u\; lON ul;ii .1 : 



i h»»;i\ I v.r.-.is- . ii\i». i i>v.avi- Uv-:;;itn'. pvi *»\i%io viiiiu- ; pviViIiVJ vc^.^t- 



iNTnODUCTlON 

Cv»i;iainiii»; LU:. :u)wl vil:- lu'.:. j:»crc:i:.c^l . ilic r.-.i^cuinv 
causcJ Iv/ lipiJ i»Niv!:K:ui: p.>.scN ;» »;crun»N problem. 

, , :i iJiiTiciili :i*.p':»;t v»r iotKi prcr.ci v;uio;K cvvu 
low-UW liKu!:..* i.ip»vt *>Aia.itioti tu»i oitlv i>r*>^!iit»-. 
vh:;;iic;cri:.ilv: u:Klc:ar;th!c. ihUhun ;\:u' llavoi;:r.. In:; 
^ilsv) viccrcnsc:. iujuit:o:K:l i^iKiliiy a:ivl snfciy \'\ 

l>y ilic :\nMn;;tii';i o'* !.Cv.a)r.v{:i;-y rc;»cttvni 
vtvic;.N Jurtn^: :i;\vi ;»;v'^*c%^»ii}*.."* I;c :.^'.vll- 

• ; Uu; V»:' ;;au»>>:Kl.i:H s ui laivl »::l-l>\r.c*.l f»»tHlia::-. 

oi;c of lUc iiu»:.i o(ttvu;:ii nioilu»a> uv »MVvci;; ^'-»^» '\ 
lUu; ttf! ihc lipiilv. 'r:icrc art- :.i'n)c vji»v-:.li.. UN vi- 
lli^; rialVty o;. ^^^ynlI>cu^/ c*»iuptHiiul:.. * r.iv rcsc;trvh 
cil'Wi-t?; haw h»cii:v«vi -'^ 

;itut. IoikI r.yiu r.i ;/ Nc:i;tcMvil ha*. i»voa »:cni ;r 
.iliv ic>;ai vlcvl;i:. iliv iiiu lOXtvUinvc v.tiupv»ncnl in 

:.c:;;iiiic 1 U*\vc\^ci'.. V o.sl>ui;i »•/ a/" : ci>*iru'vl 

il:.;t\:i»i>uucrci;»t r:t\v r.c:.;»tuc ncciIs cv»iu;iin *»:'.l.y ;«.t».v 
;r:;annu:; i^l" ;;csainoi. .ma a :.i>:r.i!\c;uu level: *»» 
iS'Cuphc;v>!, :;v.utily u»co;"'hcrul. which i:e\*eiiheU*.*. 
ciin;vui uceouii; eiM»:p:v;vly l'o»- ihe N-tl>thty ol' Ciu.ie 
soathol oil. ScNamc «>j1 is cJiarav iensca l\v ;hc pie-.- 
c;:cc or n lumilrci' of CK^urpi^ututs. troin t!ic ruroUu.m 
■V;:;;iiy, liiiiinly NcsutiviiV :iuVl scsiunohn. * Sc:- inu»l e.a; 
be liboi'aie^i ;V>.iii :.e:.:tt;u»aU f.Uir!r.K ;.eci} r* ».im::j>:. ' ' 
;Vyn>K.V- ;»tul hyvli-»'::e:».ui*»i\. * • ' 



especially wiih re^iM^l uv ilW reUirivc; 

\\\.\ i>- ( i tct )p h c roi .V, I li c 



.rtiCop!;cio!N, in avMitioi\ 10 i«o>::c:;:;ihj: vii.unili h 
rvinciion/:" ase ihc iu;»i%»r naimal aniu^Kiaanis i uv 
j\^oaN anvl are t;nporiajil lor :hc ?aab»hiy .»>:* \*c|;ciablc 
v.;.s. rocv>pl>eiol chenuMiy lv;is been >Uiiliev{ 
ex : en six* el y 

:jn.u.o.Niv!ani aciivu;es \< V* 

N.iniN. e.»nnnonly foiuul vej;yUible oili.. ToCi^pJ^^ 
vroir: ;nv nbt volaiiie» as ;iie Iniiyrafe.! IvvvhiVNy- 
-.oUiene aiul luiiylaVed hyaioNyanisoie. and ihey Jo 
no: c.;ii>o oil-ilavour. as vKws leniaiy buiyl- 
l yajoiiin'nvM>v. *\s* vlisc»>lorationv as aIoc.^ Iccilhin ai 
hiKher leniperaunes;*** iheier.»re* ihey caiV be Vtsett 
•■n- ^it.ibuiMtu- hcaieJ »»ilN. Vo>l)iiia ^ri^^ii'l tVpiUKa 

ihv .anioNivlani aciiviiies v»r invtiviaiuii iviv:v»pl>c^^^^ 
Ml J VJ I e ; e n I I > pi tl r-y ni e n i:. a h : u i ^ » » ^ » v*\V^iv e 1 1 c a I jj ifl. ^ 
The auu ol- Uun worly vva:. Ci\ su^ay ; the : an^^^^ 
wxUlaiive properties of loeopherols atUl ^^^^^>>>^ ^^^r 
ilu-u- KuNturvs ai.\-arit>tr. c.Miceinraii.ins ob ihe-bxi- 
vLi;sve :.iabihiy ol pUrihevl v-H>»pi»VO^!*;*i»;'lMl^'';0 
Mraie iiih. \vhei» heaica in a micioxyave oven. 



MATUIUAUi and: METHODS 

A'oOolalilii oii:i / . 

!;;ipe:.eei|.MnM bean ;in*l NalYKuvcr uilsV <vilh vUllci'- 
v-ni aei:rees i>l- iin:iauiraiiou , (by itnlinc valiic;; Ciy))i 
were visea as ibe subsu aies. RapeNeeir(t V IOS.5), 
sbva bean. 0 V - 132.0) 'ana saino'.ver (I V - l-JS.O) 



. i/f.v.'^v.-.; ; ^:rv'A>'"-^'-*'^ . #t-^i.«-»i.i i;i 



i 



>^f«;»0:\KyuU-», ; j ;>p^*^)- 1 "i* * U.i^l l*».*v.ii »U-|:iiiii:::v%l, 

ty'ij^^r/.u^nufacuircr'i company, were tivc .uMcvt 

i^r^'J; V^y ;::Kio.-;:v}:iiUi :i£ prc:.cr\-:t; ; vc:.. ' I \ tC\ iphciMl- m i i ppc^l 
V.rV:K(-;^^ j>rcp:{rci! iVwtn ihc.-.c xnl:. \*y .tlitniiitu::): 

riv^'.'V*^^^ chrojn:iii»j:j uphy. iijiuitJj.ucly j-; mu* 

v^^>y^r*;;Kv:«ipliyU;;^ ;Wivi^^ .uul tVcc iitiiy .icivi.. \ve;e 

[/r u^.>c:i;i:ncc: •:- . : : m:; !- 

l.^.,(t**ti ;iv."t»/i i.!;! i;* '.v. ^ - * ..- 

iV'^0 ;uui C;i ' ; i»v'v-»y. Ti.v » »»;:. lu 

■* • iMnin;c:vi:il luui coi.Mpi;v-;Ml- >::*;; •;»v%! oiN were *:s,*;e:*- 

.■-r^»:;i::(wj;r;ipiiy { I M'l.v v'- J.e'.*: ib-.xi 'oel**'.-.-. l-jtiy 
..civl :iict'iyl er.lei r. weic ;>i c;»:»» evl" " lVi»ja » m^^i^lie: - 
;.::;ppcil vjiIn :uul il:eii ci>;i;pt*:.iUi>»iN v.erc ;i::;i*.y:.eKl 

*!e*.et's!ievi ;M*evn i*!*.!*." " " ' ■ . 

tati»t 0 J.: •*•*.•". '^♦'•im: i r. umn j an elur.Cvi 

:V»»i:: AKinel. \.C:»eii»u.ii \. i.XWIw.iuI.ee. \Vl. i^SAj. 
V;i:i::*.in I*! iiiiuutUs'.vie-. v*i, '/ .siivj \ve:e pm elta.vevt 
:V.»tsi tu:..u < I'i'vt.Vv*. j.tp.i:»i .t;ul -^'eiv' 
.« ;. Th*- :»ur:iv e.iei* 5 iteni »!ie»'.»l w.r. 

s: I;:'. * »:eieii;ti»;ivl l»y 1 i PI I. . P^iv !; .iim 

w;iN ;;vUlevl vtuevlly u» ilie t»»e\ipUeiol- 
•.ii ipi^evl »i;iv ;i /♦ I:k-.\;i:iv: :a»P..itu>u u»v>tphct »»Sn 

»»: .1' l(cn/:eiie .\t»Uiii*j; loi '.e'-ai lu 'l . llu* iniMure'. 
vvc:e Mirre^! ;u !' > u» e;i:a»re v-.»ninlvi^ 

vIiN.-.t »I»>i ion i*r l};e j vlair.:. i;; ih.e i ^.e 

Ill w.v* j v ni»»v**l ''"^^ ■♦'•^r**'* 'i^'*"^ *»''*'^'* •areiuii 
«.rn;t;\»j;e;.i t »c» » ». ■ iiiivi > .v/v' l»e,ntu;'.. ;\ v»«tiirx»l 
•..4i:i;*Ic -Witli tut .tvUlcvl .;jila».\;*.l.»f»i:; \\\t\ jue;>»ue*: 
;;{U'.e:' i!:e :..uiie ;*.:in vle..e: :l»e*i ;ili**»N*e. 

iMiciOvviivc i»c.iUj»»i I;o.i;;nciil 

Pu;*iiiev1>v;i»:.i;".ite A.;'.-. e».uii:i:ui;i>: v:i.i U»vi:. .ist.viVitU:* v*: 
coe\>pliei\»iV .;iivl :...-.ai;uil vij- then (ttiNU:i\*:. C'>i), Unt, . 

lUU ill- :iifUj.j»u;) \vvre :.ep.i;;nelv prep;ue*i. 
NiJir.plCN ('>.i)i;) wei e ^tivulevl u»U> u 'j'> l>: oyvi. 
;*wu!e -.e.ile.! nvi;Ii p»»lyei!jyte:ie All 

:.;i:aples were- pi v vvi ui ♦» ei)lieaie :u\vl live;; siinuU.i* 
uv*\ti»Nly he.tievi a: .1 ii*ev|v»eiiw:yMl .IsPiiJ.Wir.vU*; e.i*::; 
tr.iie perstul tii .t t:i:v'f*tw;tve ^tveii. ;'ep»ii.;e».l p;e- 
vi*ni-.ly.* ' TreuiMi. :s; uiie v»irie«l lV*>ia •\ ii» 'J*>:i:::.. 
.11 Miierv.iP. »»r i »•! '» ;i;in." *l*lic lempeiMiuie ilie 
vv.v> niu;ie«.ti.uelv i.>I.eu .iliei: v'.ivl* tiii».r*»w.ive trea;-. 
uieiil a;, vtcr.v i ilte.r p; eVi*ii:vly . ' * A e»i»:ii t»i s:ii:i;'!v 
'A';*:i- piVp^ircvi t%*t e.uli e\t»»*M»re t;iJie w;ih llic la.i;- 
vivtiKit i%»e»>|vheri»! -^irippevl >»iK. 

.CUeniicat chai aclt.M ii>ticu ul v.ub:;lratc oil:* . 
AUer r:\evl t;Mie laiervalN, ilie viulvwnyl values ..i.^: 
/^-aiUMvluie va!iie:. :l;e lie:::e».l kh\:, wei e *lv levn.:::. v'. 
\.y \Ok:>1 lijeih.Ml. *' Uil'Ac: ineit;*«.is.* * res; :. 

:;ve;y. Per...\ule iun .vi;.! I Vs were ::ieaM:ievi 
A.S.>Av* t;;elt:v>«t-. .:'..v»-tJ' ai.v*. JS-t/Jii. ;.e'-^»e^.i^v'el\ 



Atuitv^-'^ ant'ioxKiant:: 

* 1: i;-;*«»r:i.>i; of e.ieli oil :.:):}iple. l>er»>rc antl iihcr 
:..;,;w\v.;ve iieaur.j:, wa;. pliicevl ui ;i ^>-ml b:'i>\vn 
\-v'I.n;iel:":e rt;i:*k, auv! was viiUitevt with ihc :nv»b;Ic 
:.e Ut:' lU'lA! as vle>cnbci:l beUtw. Siiiuilianeviii:. 
/.e: - i inKiaUiin :.e:v;tnu»l it»e»>phcr\»I Iu»:iu>1o^;uc.n 
. : xr.l:.'" w.i:. c.n'i'icd oul hy n^in}; ;i ShijUUilv.u . 

I.>*'-i.A (Ivyvilo, Jap:uj). evpuj^pe*.! wiih a 1 

S:.i;;.-;»ae;: <.M:Ct-.S,IL (M) ev>Uunu ('>/un, ! 
:.Uvm ■i.vi;:tui ivi» h::u:i»U'.u.). Tl'.e mobile phase 
*..Mv i .:;::.(»;; .* /.'-hexane aiiJ eibvl :u euue {**0 : U». 

■ ;* * »••.:. •.ii'v ' \.» «l».tii.»i 
\va-. ii.;v:eievi \v:l;; a >«)avtev* Jv»;;l.. ivtv*;*. 

\ee:'e i;:».^r.iu»re«t wa'i a «*li:»ireseenee' 
*!etect%»r , vNli»;iJa^;/.u >.>:>> .-e: .u iUi e.\e:ui::v»:: 

•.v::vv!c::;;ih 2'>«>nin uuJ cniiiM»>n wavc!cni;ih '320 ntn, 
were vp:arat!K'Ll by. Ci>:::paM^^*i^ ^-'i*: c»>::*'cn; 
■/e'.Mie iineri»w;ive Ivcaurvj'.. 

:JtaUt.liual annlyr.i:; 

l-.ael; { e;»t«! levl \'ali*e ilie . uieaa »»!' iwo inea:.i»rc- 
:;;ejj::. jVvk;i iw»» rephcaierr. jllv».svr;uc ihc rel;ilive 

•aaluhiy v>; ;iii;u*xivi;uus dur;i»j: nuerv»w;ivc liCiitiui;/ 
;'vv* v.viue-. beUire treaimeiii were lUMnialiNCvl iv» 100. 
rise vla;.i werv- \ubieeiVfcl one-way aualy^is •>!' 
variaMce wall a ra;Kli>jni:.eil e»>j»ipleie. bKiel; ».le:»ii:»: xm 
i»ari:i:*»ii ;lie elleci vvf viilVerviii. par»u»vciei'N.* ' Siiimii- 
^a.ii vi:;*.erenees :unvia>; ireatuieiU !!ic;tii:» wci'C 
'.ep.;ia;e*i oy it:.tti>: l'>l^iU^ui'^ uiiiUiple raa»;c ieM» ai a 
level »»: /' O.U-).-'* 



;-:iIGULTS AND DISCUSSION - 

I wv wplu rol et>r.ie»UN in e.vr.unereially av*ail;;ble , 
•.•e»:eial>Ie vul:. were Jovnul \n Nv>ya beau oil. 

i»*.->uin I^k' ' :>v:2; /». \. 2NJ.w ; :«» 
rapeseea oil, .;vt».Sin>;I;K ^ (x. M».'l ; li'M.O; .\ 
I \A) a:. a la ^arOtuver A>iK .^*>*«^^n»l:i^:- ' (*. lHi>.0;,v. 
**.0; .V. 'i.-l). 1 U>weyci\ uiei>piwroiii >v\:rc ytciecievl 
ihc o;!n lifiv:* pui»J'Kun*>n by aUaitiuium oxivie 
ei>'.ii;;:a eIi:%>»i;iU>KiapI;y.- *rbw':.c wiilu arc iciincvl p«r*- 
::ewV ver.ciable liY this: papei'. "KIlc piii'iUcO pil^ 

CvKviuitWvl ;u» cl\!orophy{lN. free laiiy. iicivlN or-pl^»J»- 
;.l;x»r:p;vl:. CJaia tu>i siuiwn). luui iheir Cllciuical 
.^i:,.l;iy eJKuaeieriMieN Uel'ore microwave iieauu); 
were a:, reporicvl prcvuiUNiy * *i\ibie I uives ihe faiiy 
avui ex»;apv);.uiv>aN \i\ p\i;;lievl oil.\ beloic inici>»wave 
Ueaiai>;. *rhe Tally acui coiap*»Ntu*»aN of.coniaicrcial 
auvl puriMo! (.u>^*^»plJ^*»'*»^-'-i»'»i »P*-*»^0 \yerc luu s^;- 
at:u;ia;ly iJiUereni > 0.0%) Ironi each other. The 
hi|:heM. vlcj^rcc ol* viiVN:iUu aiu»ii a> calcalaicvl niTable 
1 ' • wa:. :.hovva by Naltlower oiJ (l.uo)/ TolKm-ca by 
Miya beau p V)) aiui rapcNecil Cl. i O oiKs. Ob:.ei-vcvl 
.-.aaiple (puViricil soya bean vul) iempyi auuvs - ai the 
e;ul oV 2 »^0MHy. ucaiaieais -arc pluUeJ (vlaia liOi 
:.hv>\'. r.). i'he ve;apctMiure wii ihvoil inciyascJ sharply 
lire las; .Sraia of heaiiaj;: JOO'C alicr -Imin 
i;ea::;;i:. IVO C a:ier Sana. 20'> C:. al'ier I c» a\iti. aiul 
2:0 c: ai 2i/a):jv; i a j-er.ej al, ihe lVyin>; c»nu!inonN h»r 
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' lljiult vi»ii*t.» »% .iv«M wi .i.>U'iiiiiit.ttiui>:. ;nu» »*i vM".. ol lulal liitiy nCHi 

fiitfiti/ »*-.!u» :.. 

" :;0 •: O.Otr... ... 

•■ Ouyfijo ol uiir..iiut.iti(Mi .r. »..i>.:,ti.u. : :»-. (".. i>.iiii-.|ioUTiC i- otoic i i.Mut;iC i^*";*- . 
liiiidtiU: » ',' » :•#».>!♦»»»»•: l»i :::•» 



ISD for '.V S mm -itul t.oi rc:.;u»ii*l lo I-:iim 
l;c;(;::«>: in i iu:;. m luly. 'i l.i ri.' were Mi-.J-Jiluaiu i'.iT- 

svn-a bcari oil iluriivi: nucrvnvuvc hc;»iiui:» iil'icr the 

wlctc:*inincvt by pcri»:vi»lc» c;uhi»iiy] :»ul :itnsujt;K* 
\^»li:c :r/c:isa;-ci;iciiiTv 0'!}: O- AH luu-oNiiUmts y/crc 
rflViiivc in st;ibiIisiH;'. : lu* -.uhNiiMtc oil. :int! :in 
iiu;cu:.c *»r ;k'ii>nuU: v.iliicr. nv;i\ :.i|;niiuMMl ly, 
(y 0.0')) inlnbiivil IVy i.luu ;i%U!ili%>n:... •^l':!*.'"***."^**'**'* 
it^c :iuiM cUcciivc •.i;ibih:.i{ii:Mtb;4r;»:c tuL TitU 
;v».vo..i by .j- iu y- nn.l / - Uicoj^heiv^ls ni a vlcc:c;;?.in>: 
vuvlcr. .:<-'i't>o»pl»cri») ;» p.»i u j. i»» h^jvo ;uUuvmvL;:u 
;t\:i:v:iy ;il U^^'^* \:«>nec»ii t :n ivnr.. luii p: » »» »\u{;uH. t v ii y 
:ii *:t/:h ctniccnirnlion-.. Wiivii puritic<.l N>)y;i i>c;in 
%.*.: \v:i:; bc-Ucit. in a ; o%v;u-c iivcm, ibc !o:Vi:t*r ihc 
::i:v::-i>\v:\vc b/c;aiiij; Vii b«- . ihc. );ic;ilcr bcciitac ilic c;»t- 
b i J : : y I ' ;i nt! a h i i il i n c v :i 1 1 cr; ;i c Ci>; j 1 1 :» r v - i » ul ; i > ;* s o I 
t.N:.l:itivc (.|civriin;viit>n, Ii*iwcv.ci-, apprcCiUbIc 
clKiat^c (/* O.US) ii; uinsivfiiic v.*;;n nbsciA-cvl iip 

u. . ;;iitr t»i' liv.itinj.:. V:ili;c.'. chutjjivil r-.;>:ti;y 

I.: ui 10 ;nin »>r. hc:vi 55»r.- All .\ t : lio.su I. uu"i -.vippfCNNv'*! 
i};c ri»r:j»;ii of .uljiiv'r i c;»ciive Mtb-»i:incc:. aiul 

cJTicicncy vlccri-.iNCsl in the iu cler scNiunoJ * 
7 > :c-iocophc;ols. 'i*bc rclr.iive suibility ol' NC:».»nu»I 
. ;iMv! tiiv'Op^^*'*'*'^-* (K.-riiJCil .:.»>y:> bc.jn »>il \v;i.-. ci>n\- 
p:;;-evl wbiiiii;- mici» 'vVavc licitiinj: A .M>:n»h- 

\v:ir» observed .bcivvce;: a-tocv»pbvf^»' •.eN:»:;uv! ! 
y- "br' .'i-ii^i.opl'^**'* ^ - rer.peciively. The. I;iKt>>vi 
levluciiiia ::ue v/;i:. .eyii in c;-ii»e*>;>J:eroI. l\»!»i»\vevl by 
:.es;ir.u>!. y/lulc llie re\Uiei:i>n .rale *»r */* • 
:.:eoi>]ierol w;i:.. nh;io*.v ilie san;e, ;uul i»ver '>l)"*» 
•Jieir iiripJnaJ lcyel> was tli i e«aiiu-vJ a! :er p V .»>.•' 
!;e:il;ni;. . 





it I/, iV. /M. 




^ ,u»/u 1. ot loci>phora»n ui r..jr.;viiiol ai UOO t*i>m tovo:^ uiv 

0»»JtlllCa».Cltili.lCtaf«.''.liCR ol pUfilttlt; ni>y;i btjim o» iiuM"0 . 
fowiiva tuiailau. O . C^nl'yi: 1 \, :-uiCuiU*ittul\ ri, 

• o;ifu:ioni mo mohiir. oMwo lOoai.uiciituiui. Itoin ivvu roplicaiof.. . 
.M\s\ mo Maiiiii-.ni.ofiufr. aro vVtilW" »i»ti :-...-o ol iliu :.ymbo»r.. 



tJ.it r.\' ••/ *%>anf't tin./ .•;i/u-i->>i.> 



it.|!!'',V!'!J'*'J!^'^iiM!H'=''''nVV!f|!P!:|l"'Jj^*'^^^ 



Si.it:* t«i{ii ii*.i>itt l.l.t|t»l.ii •! ••11**1 liitj ; 



In I lie :.cc*iiu{ 
:::jxii:: c:. v I : I , ; 

pc:'\.»\ulc:.. lv» ;;;; 



:.i}:i;i:i»,".i;;;;y 



•} •! iv*;'.i; i»v - :lici: 
r.'i} \vc; c .ivUlcvl i»» li.c Mil»-.j:.nv k»>i 

.tiul .li ;ir.i«. li I vc- ; ; ; vc v ii;;.- 

n>. lliw: . .;i»;-\Un i.- ••-lov.nphci (IMiJppi;;; 

:.c:..i:iM»l (1!\H* ;»;'»•• J. r..il»»vvc%i l>y %o.*..tj n*«l 

tviCitj'ihci'wl :.c:.;t:iiwl if* olic^iiVv- .*\ :lit 

I'.JwJa;* .;; *»r *»ti;v:V , .;i:iu.»:vuIu:jin, I'lic 

;*n;i>»>liv:t ol a:.' »I'-.*.;';I>'-vl p: yv^viusly . ' * I'jj^virc i . 

■UMii ip:;! wi' ;i .u;;uu':» x»l JU'.i ppiu .viu; JiiUjjp:.. 

;j. il.c punlicvi : .jpt:.%cc».l v»»i vIviri;V}; nw.iv : 

Mfutc oil v<*iih -.or.iinui; V/. ii vv.r» woii*.uii;cil U: .t 

!ic.iii;*i: (l-i>'. -i. upper II). I lowcvci-. ilic lw;;!;cNi ic',.- 
i;vc . :.'..i;»»Iiiy .lUtiiv ft' T lu ' iiit>;iiuv-» w.i*. *.cvmi wii;', 
:iC:.:itnt/i (I'l;: -I. I.ivvc*- A V',^ r»»»Jt»\VL»l l.y .u.vl ^• 
uiC\iphcr«iiN :;; ;i vls-jrc;i-%»nK »ii\lcr H'Hi •i". i;ppv:/. 
AUcr iii.iii 111' 'ivMiitVi;. svT.aiut*! *»t v -iiul 
itiCiipi iCi'tii:. ".Vv'TC Mill icuiiuc*.' :ii »tvcr i»s' 
7u"« %i»'.il;c vi;ij::i».il Icvci:., rcr.pcciivciy . ': 
xWt vi»rrf.*.;«t»jul v.'illi ihiKie r»»j" ;t MMjplv: JwU'.io;. »»: 
the iiuliVKUi.ii .itit iw.Nuliinis .il :vuOi'ip};i pt. 
Miy;i lic:in t»»! (l-'i;: l!;. 'l*hc. rcMih?. wviii iMpyr.cCkl .-il 
. ijuliC'.UCvt (iilii V - i*»v*»plic:'»»l v\*u\ «ji»tiM:iiiC\l 
:;il>;vlly. r».lt»-.vcvl. l,y ur ri.-U«v.»pl;c; .«;:v; 

\v.5*. »:i»i).m;i;K41 r.uu c .-.iktv. iy. I -i-. 
l*)C*»plic;i»I !»c cNpccic*.! ;»» i\:;iv.l r..;v;v \p;;v.-.y 





II I.- 




CvjjwMtll* \*tiHl iiiuil) 

I'tguru 3. CMuc:^ oi lucupltuioiu-.tnU/t^f uv:.aiiiOt On cliuinical 

t'.OUtipin); V, .-fiwvui'tutrot {..'UO I't'oi) i :.uii;iini/l (L'UU |»t/ii»). 
; -i*yCc»;>;iwiul (;-00|>i>ni) i- t..i-.iniul i:?t»Uppin); All JaUi j»unUu 
I i>i>; uv^uik; Uvu niu;mu u( UvO ino.n.iit omoait. (lorii Uvo i uplicaiu:.. 
..III.; tUu u'.anJ.tivJ uiiors ;:fu w«Wuii l{urf;t^o oJ U>y »,yinbol:.. 

.)il;c: :iiiiiV>.\ia..i.is. Si;. .Jar Irenes have been 
: cjH*t sCil uNthi: I;irJ u: iv*ui;i> crol-Miippcvl com uil. 

Tlic ;uU:iiiviU v)!* SO no-.u- .)i h;»:« been vlcniou- 
Miaica u> cuhcmce il:e ajuioxici .: aeiiou of y 
U)ci»pi)eriij ai cvmecnu .uunu. v>: . SO -ivA>pp:n m 
h;u»le»e ac»ii» il bein^; e:vpeci;\Uy NUtoiii: a; -;00p»piU. 
AIn*>» i*.^e v-iocopheri>J ;invl ?.es:inioi cv>u;eiu:» iti 
roaMevl sesanie j.cevl iiil have been ipeaMueJ pre- 
vuiusly ac leveU of *U)0 ppm aiul *5l> • UJO ppni. re:.pee- 
uveiy." <.:vjn:.iUw; iuK ihese reporiN lVi»i:i a pi ;uuea 
puini ol' view, ihe ;unoiuit for lUe ;ivlviiuv>i: lo punlie* 
oih: \v;iN Jcviviea ;is foiUnv.s: SO. 100 v»r .lOOppin U> 
V-uiC*iphei'ul; :/i).»>r -lUOpp"* se;..vn^i>l. i'iK^»'*e' 
:.^»*iws il;e e:Vecl^ ol' :i Cianbinaiion v>i' v-»*>^'^»J*^»'-*'* 
anvi .scMiuuil on lUc clieinical ch;u•:ie;er:^;2e^ of pur 
ucvl Miyii beiin Uiirinj; nucr%>wavc ireaiineniN. 'I I 
ipjahiy eh:ir:»cieri:.Uv:r %»^ .ihc uil Uuriiii; inicrowa* 
h.eaiiaj; u-ere snore ;.ij;ni:ieaui»y iiupiM^'Cvl < O.U 
by a ii.ixuire wf /-locopherol (lOOppm) ai;d ic>^ir 
(•UU)pp;:0 lhan wa!» vib:.ervevl by an ;uJv!;liou nf :*«:| 
;iui:v>\ivlaniN (800 ppm) 1). 



:: I \ 



,•0 .Ml. I.O VAX _ U»0 



i l'jMt.v -i. I:MoCl:i 'orn»J*:' J>«*.itiini Iun:> i*i lin.t>j»ln»i u« 

,..'v;6(/;wJi) .'ir:»'.*iiiiul t^IUO {»;«»»>. vatniJ ioj>iii:;uiii:; 

.ivuia(;u ul-lUfuO roplujalor, .uu! luu i.'iiitUil tt.vrr. t':.«'4»; 
-.::ii\%t.iiil mi: Of. ■i>rUv»i r i»;»llC*»tor;. 



Ttic relative isuihtliiy. o:" y-ii»coi^lic:'vil ;.c*.:it*.toJ 
^Uii iin: n\ivro\v;ivi; lK*;uii»>: \v;ri cosaparc^l :il.Ai:tVc:'s:ni 
v:\>nvctiir:iiii»ii% .>iV i>urst"u-^r M.»y;i l^c.m. *>i.{. !*i>:u;'c i> 
iiui:.U*:Uc:'» a lypiv'vt cl;.i:i;;uij; patici'ii V-iOv.'i»pIiCi 
ii:* Nc.saini»!..r ^iiabihiy ai iliJlVrcnt Ci^ncciiii a.iivui:. 
(:h) ppin u> -lOl) ppin) i:; :sic oil fol lowing: nucrowarc 
!^ca;tiii:/ v\,-, s;j''V«''«s-^»:i: ch;»n;::c (/* O.li'i) in v 
t \»c»)p)ieriW u'as tib:;c;\'Otl alter :.'.»-■.»; 
aiui. iiic cliao;;'.; vIcper.Uct! v>;i (lie anu»;tt;is o:' v- 
. ;\j>N»)>!icroL v*| Ivc );rv^ui;r liic iivci»j>^hc|*v*l levels, ;I;e 
l-e:.:..Ava;; lUe jreiceiua;:e (o:.:. v»l' v«.>coj>heiAW (bij; u, 
upper A <')i ii)e.;:re:Uer ihc actual l>>:»s in. j^pra 
V.rabic 2). AisoV yviilv liie Jiinr.er exposure" lo.nucrvi- 
leavc euet'ityi' live pe:ee;iiai:e li».v:; becanie Nii;:i;I;* 
C;;:j:ly r.tjialtei;. (/* • ! IM>*#) with ittcieaNevl le\'ei.% *>: 
ti»Ci«plieri»l.; at 'lOi) pj/iu» . ov'v r .SM".* the »*rii:ji 




.•II /'i 





. j'Mi.M JuM.'.N*:.'* o) i>iiiilli:() :;uyi» l>p;m oil iJwtltii; niic'iowavU 

VMec';jtujfi/l (-iCOiipfn) i nunaintil V. )-i»>e>»i>»iwn>l 

^.:C-Op:"i*r *' V'Uti-aiiiol (•;C0 ppiii). All tiul*i )u»tt»l» iitt» t>:'-y<>i llto- 
• nit.tii:t Kit lv.-i» ii^tt.iMrio'iiiuntst'triiiit twii i i>;>ltcatOt;. ami l^Vo■ 



!evc;:. wasMili retained al\er 2t; iiiin ol l>ea;in|:. 
I Uuvever. i!;e h»\ver ihe level oi toe\>phei vW advicil . iv* 
purihevl r.v\va bean i>il. ihe |:reaier wun ihe reduuiion 
tn ihe - perceniaj;c *»J' ti*ei>phe:'.»J. A: SOpprn, 
t,.iiii»heri»l \VA\ reih:eeil u» VO'.. i^l' ihe initial level 



:.i!:vattiiil,(iii)in) id pitfiliir*:; :;<>'/.« . . 
t}i>nn oii ituriii^; niicaov.Mvi! 
' h«atiii<r— 









;i .*,'(,•/■ *ii/i:#i>»t*;*i*t» /n 
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d.o 
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CO 




10.0 


IJ.O 


:?.'i.o 


ib.o 


:.ti 
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b.O 


.;:;.o 


lO.O 




1 \,'^ 



' i:.it:ii v.»f*Kt f. ail av.i«.i..:.i two (NiauiiiataUoitn^ .T'tu cofWttiii :ii hy.m .#1 nach saiiiplo wiia- 
c.ii<aiiataiMfifiii Tii; t. : ' 



. i,.nti»m;n«it|«t MM |!»; _ '-■ »■ I - 

u.U.uM . 



:.»:..•« 



v.i lic.iin,: :.o:>:;cr. v.;.r; ici.,:».a at 

..;./v:op.:.i:uu level:. v.KS.-t ;.). Tl-.c v^UvW^:^Mny <>t 

. ... U-v.-c- A C). A ...r.v..:-..u .!.:...,:.• W; -. t>.0>^ 

:.pu. wuN .N...;.Hvr-:.{.botti IcvciN- iU;u> .:hav-.S 
■„.,•' .■ ..! ( I'-'blv.- rS;e roMill:. :.i:i;Kc:.»Cvl l.Kil 
.'.MhJ;-;.bi«uV he ,.: v.rer.:;;u..i:y c..a:.i::.>c>l . .rui KV.-. 
A.Wavv he!....*,; e..:u;>..r.:...:, >v,U, no.UUo!. 



■. .U-..O.U! v.n ihcir hy.i:>.:.:cu-.lv.:^:.unr. ab.'.iy. 

;..,li:v. ...ul .liMiibuiivMi ill i>vi.i!KJ oil. 

v\ :-" 'v ... ... = C..u.Kvi.l3.S)w.ll o.al.ib»lc aboul 

'■=;■..... K'v.'.c;- :u.u.Xu{:.lU.n vi,..in-b.c;.k..H; OK 

.. ,,..;!■.>.;;«;.'. !.> il-e iovV>pUcio! (inoKvi iio). 

.;:i:.uvv:ly ihc uniioxUiaiivc aoiiviiy ol scsamo. 

.t:-.v: -...Cwplid'ol:.. . 

...J ...ul :.CN...m.l on pc...s..le an.l au.suiulo 

.- .'- :.allK.\vc»- a.ul lapeNCc.l oils auiiiii; 

.". .T.V.lvavc l-.cauin-.- 'J'beir avWiuoUN .'.clayca s»t»'b. 
V . ...o ,) ,;.eica:.c:. in perox-.U- a.ut am.NuJmc 

y. , -. J;:::;.;- hcatai;:- Thcic wcic ^il•.:>sl>canl ditlcr- 
'."!""". - ba:.ca boih on iho hubsirr.ic oils anii 

o.''-/-/lcvc::. a.iUO.^iJa;-.l^. Unlike ^-•^'.>53-'1»>^?-^'.-:;T 
-.I v.!-..: 'n..r. ineica:.in,; anlioxulanl aciiyny ai . 
'.'.'. 'cr ..K-.w-ei-.u-aiiun:.. '- Thcic wc.-o siuniUcani UU- 
■ •' v.- -: 0.0'i)"iu ihc iinisiaine viilucs anioni; ihc 

■^Vw. .:...l ...Ir. ..iVci- U.nui. Vbc hoaimii 0.r'>-.v.'> 
" • ; ,l!y lwcau:.e of llie aitleienCCN m lUcn- 

;':V;.;ui.>;e.; :..:iy aoJs (Urt.>lc:c or !i«olc,»U;; Tabic 
. -, l-i.c-.v .h.V.-. .u. c:. a.ay be alii ibutevl lo ibc a.Uci-. 
:...:....S... y ...s;.:..u>,n. p. oane.:. :....!. -y«»^'-»'>-; ''••V 

i,eu.::e:.. ...u!:. a.ul laeuwu ^. > • beeau.e 

... pa.i.eo-.aily ^enNit.vc ;o ihe pie^enee o. 
niMci-ence:. in an.suUn. v;»uc- ..euvce.. 
'. ... . . . , lic.l ol!:. bceau.c Un:. pronouneevl 

V:. ;VV.J) -.vho; ;!>.e v-iv»cophero» coneenliauon was 
;■. ■ .-evl r. ..>a OOppm lo -lOOppm. The relative MU- 
' : . . . ..• ■-..■c.pl.erol ana/o.- :.esanu.! ,n 'Pt.r.bea 

".'.••••"•.vv.:- .'-'ui ; ape:.oevr oils ainm.; nuciovvav-c iioal- 



o:;;iiievl 



because ihey were esscniiaily ihc 



, ;r. i!...Ne puriliea soya bean o.l U''); Oy- 

•.. ' .:uet.ve.w:.:. of u.cophe.ol:. a:, l.pul auU- 
. 'oe.'n a.iribniea .nan.ly to then" ,ab>l.iy U. 

reaei.or.s: by .-eaemu: v ilh latiy ae.a 
: ..aie..ts. li-..rto:» aua ■ ln,:oia' ' reporte.l tba 

L o: ...::ve;H;e-.s lor pcroxv raa.eals by />- ana 
, ot:. wa:. .vo-thiras. ana .>-OCopherol o: u- 
ol ..-tocopl-.erol. However, the r.suU.. 



.1 irvMii iliii* 



arc iwCvTNMii »Vy n\ :u;rcc- 



■ I 



O . 



ii'.t: 



...IIU»v.oi It.) fapt.-.oM.i 

-.:.;r.iS"i" or! us:. vvis:i.ii :r..» :../u 




J 




At I. It** V.»i»»ll 




!:;cni wilh l!»c:.c ;il>:I;uc:. hcL;ui:.c til* li.c t o; i:. 
:i:td levels oriuUhuiKi (u hic!: :i: c cxu ejr.c i!:i-.i*ri:i:;e.; 



:•; HtiMKi. <'.\S' .ti»«i Kt;. .\iii.>.M.t.itu>ii i.ii<(«.):u-.it in.»t- 

/'..J .V.I V'.v;;....; :.'i>: Ji>.. C'fni). 



CONCLUiitOw:; 

TIlc t>x:*.l:ivivc ».lc: o:u u : »>1 ; )u: : lOvl m:1'.'.;»;Kv ^Mi-. 

•.v;ivi- h«-.ii i»v t<i»ly I'nc :utvij i ii»t: « 

soe«ijilicr»»I:.» i'»n *.»!*••• »»! u»i.\i us e »«l iUc-.c i 

vixiiilaiii;.. Vc: y' cilccuvc cin:ilvlr,:iitiins i»r tocopln. r»»I'. 
a:ut Ncs-.uuol as a:i! iox:da:iss in il;c i^iU were 2lU> v»; 
.JsJtippui liir •/-t»tv.t.pher*il atui *>i), -1U> •;Ui).|>j»:M I'.w 
:;cs:;:uoi. rcsi^cciivcly . 'The- t>vc:aM :ii;t:i»xu!:ihi :;c;iv- 
u;cs of ::n.l;vuh:;:l locophcrol:. an<! >k:N:i:::u! or ihe;:- 
niixiijic-:. iU'priMt :I>cjr ]iyiiri«;:v'ii -vliM-.iuir,): :»l-nlity . 
; cl;;livc suiluliiy. .nwl vlira i :«'. jun iheil 

.•M:;i*» il i;r.pott:r:it iv> I:iu»vv ihc pi»-.MLuli{y «»* nvm* 
e ix'i s 1 1 c u I u »x u ! ;; t : v c :ie I i o;: In: i \v » e n i oei »p ! c r i »i 
l;.»:iiol»ti;uC:. t:n« »l. in v.ii'iiiU:. :'»•**»; '.y. I c in*.. 



..:.ii..v;.!.»i4i> .Ml.: ...iul.iiiv.: M.il.iliiv in lr-**i . 

.'•.....7 ;v, ' : i ;.r j;> (!•>•* M 

Ctiu^lncr HW. k)xv»> i» i .iil«v..l i-liviMKUv p..lvwi. I.. I. a. 

Kiilu.w .S. c.iiii.iii.Mi ..uil t..M*. V ..i;nv,|»»cii. ^ N ,.1 Wj...' 

(t'J'C). . : . • 

I i:u):l» U. -S.iiviv .»:»a n* v vxMt>* •»! :»i»llt»Mit;uil\ : I'.V.C .»;•;• i r. 

;••....,;<;/..•,.. 7.. » I. I :u»n low 
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^^tiQxidant Activity of Oat Extract in SpybBan and Cottonseed Oils; 



JjOJ-Tian and'P.J. White* : •^;v', ^ ^ . . 

"Food^ScIonco and Humun NuUtiton Ooporimonl and Conior lor Crops UtUlzoiion RosoofCh/ Iowa Stuio UnivorsUy, Amos, lowu 60011 

■ ' ^ * . • ... ...J. ' • W. | . : 

• • . .. . -/ "./f- ■. '-■.-•',= ; ^ ■ :' 

A -provioualy published xuoUuhI for 4»ctrucllhg xmUoxidunU mo thojioUc^oxtroct of defatted oat flour /Wos tho mp at .ac*-^ 

from' Noblo pats VvUli mcUianol wus niodificcl to iinprovc ^va v ^nang ec ai. (13). in a patont^ior cxtracUon.ot.tmUox^^ 

tho uiitioxidout activity. The extract wa« .tc« ted Jii soybean Idoitt a fr om rosoniory and so^ found mothnnol a nd cthanon y 

a»d co t towood oils Held at 30 and GO^C iiV the durU and ToTJoTCIio moat aucccsafui aolvonts. l^uvc and"Wliito (14) - 



at 30? C in the lij^ht. During storaKc, the peroxide values 
(PV) of .Uic.oils were generally significantly lower ^ 0.05) 
witli tiip addition uf the c> tract than was the control (no 
addltiyes)rand the PYSvcrc slightly, higher than for oils 
containing ■I'BliQ. In addition^ the extract was added to 
cniulsioiui of Uioiumio oii^ and held at 30.^C in the light and 
at CO^C. in ithp ciarU. The PV of tho eniulsioiis coiitaiiutig 
the extract were significantly lower 0.05) than were 
the Py of ^th<Me coiitaiiusig tertiary butylliydroquinohc and 
■'tho. control.. ;-^.,./.r/\ •' ' . ' ■'"•.= •^•.t^ ^ .. " 

K12Y>WOIlI)S:;Autio>uiliii autoxiUuU6n».colloiwcc<i;oil,,u(il,^ 

Th<^ tvliill^in^^ ^ f ats mid oi^ that' 

cohtoinfats fij^ is oiio; 6f tlio most pffixid^ ■ 

vcht pxickiUoii of a conccriv aj^ut thb po^ 

:iibio to^ucit>^, (^)»."i^ tho i><)i)MhiriLy 

of natuod uiitic^ no; 

assumncopf yip 3 of natural antipxichaii^ 

comfort kiiowing that'i^ fiom; 

natural T'pro^^^ boon cpnsUniciJli.vf^^ . i;encra- 

aions./ V ' , * ' " _ \ 

^ Tho utihzatioh jHrpm pa 

rcxk^rUki by M Tho i^round or aqupbuS ck tracts of 

CCroa, i s>- mj^uduig pu^^^U^^ OilsCCuS cffccUvOiy,: pi\j^^i>^u upii\ 

oxidation at 

(2-^5). MusIkxt. (4) claimed that oat flpur mci^a^^ 

biiity;of pii% ifotsi;rt>ar^^ and mayonnoisa The pat flour 

al^o was pffcci^YV^^^ w^^^ ovor bacpn and iVpt^^ clitpsl 

Daniphi and aJ^J-ni (0) iaolat od a^u^|>u^lfi^d■^f^ 
caffoic "acids from oiit. The antioxidant activity ot an pat 
extract cOiitaimng^ t phciioUcs was as pro- 

pyl gaUuto^l^G) uii^^^ as 
measured (6)^;l»!^thor w^ 

shovAjd;that: tfo extract could bp sppara^ activb ^ 

fractiic^^ cliromatography 
cliroivuiitoi^apiiy Spmo^prtlip; (racfi^ 
asy:affpiaiu^ acid cstcra xm^ : 

(S^^^; a>;dio^ monpcstcrs of hjj^ ^^>^ : 

droxylipxaCbiii^ dcid aiid M-hydir^ acid V 

[7^0h^G\yccM orziJrljyclrp^ 
aiid^Srhydrpxybc^^^^^ acid also woK) fou^^ 

lins et atvllO.ll)^ fbund a group of cimiaimc add cOnju 
nomoly ayonaiiith The structure of , 1 6 cbinpPhpnts 

in tills group wprp olucidatcd by TLG liiid GQ iiiass spec- 
tromotry (MS), iiucluar magnetic rosonancp (NM it) and 
ultraviolet absorption spectroscopy (UV). 

Solvent extraction is. the major inetliod used to isolaUi 
natural aiitipxidants. Sui>ova at uL (12) ivx>6rUxi that varipus 
solvcjit oxtt;ac(^ of pat lia^^ aiitioxidant activity in laiti'wlibiv ^ 
tested by. the, actiyb oxygen nicthod.AisbJ' sbl vents/ with 
liigher p,plar^t^^cid(jU 



' compared tho activity of eight solvent extractions of bats ^ , 
and concluded that the greatest antioxidant activ ity w as ( 
derived from tho mothaiiol extracts of <Undofatted <Hit> : I • 



*'Vo whou) currospoiuluiico slibultl bo uUdrcs^icU. 



AOCS Press 



Tho objoctivps.of Uip current study wore tlirccXold. Tho. i 
first was to dotbrmir^ fi nn im proved method to extract a nd 
concenti*ato tho Qiiti oxidaiits from o aU Tho second was to 
von fy^niQ. prespncp brphenoiic ant i oxidan uTas tno ; lie ti vo 
j ympon ontsjn thp extr^ 'rL.C gas clirbmatpgraphy 
UjC) anu py GC/MSL The third objcctivo was to te st tho im - 
libxidant actiyity of tlio extract in s oybean and cot ton - 
Noott piia and tiipir pmuisions under ciiTi^MtMit: stxu-a ^ doi idi' 



jOCPERIMENtA^^ PROCEDURES ; / ; * : ;V , aV?v^^ a^^^^^ 

\Bx tracCion:qfvui{i^ 'Noble oats {Auena^aUu^^^^ 

L;) wore grpwivnpaj|^^ 1991''and lpp2i;^f :; " 

harvest; tho dp]h(^ wera stonkliat^!^^ 

40% rolativo humicUty uh^^ 

groats wera grpundV^m^^ powders were pos^'od/ 

through IV No.- 4 6: tits. Standard mesh screen!; V 

The extraction of ^^i^ aiid A't-ayonasUirbl from 

pat was dpiip; by t^^ Of D u vo and /Whito (14) w 

some nibdificuUb prbv^busly dbscribpd (14^ pal; Jlpiir \ 

(1 kir) was extract^ 

oraturo w itlixorts ta rit" stirring' for 24 h .- Thb spl vbu t^ was 
changed oypry; 5ife ovoit^ •splvent 

cliajige, tho m^^^ was: M Whbiihah if 4 

f il tor paper. Tha^ yvcrd combined and Evaporated 

in a rotary oyapprator i^^^ 

V- Modificatipii of tllb inbU of Duvo and \y Into (14) in- 
volved f rac tiona ting; tho crude . bx trac t thro Ugh a silicic 
acid- coluiim;i[i6 X' 220 mm)o Tho sifibic acid (100 
mcsli; Aldrich Ciibiliical Gbnipahy,^ M wds 
activated b^brnight tlioii washi^ini^st w 

ml* me thaifioii tlircb ; tixxies and then with. 400: iiiL hokano 
tlirco times. iie3S^ of the trpaUKi^sili^ acicl (200 

gfi wbs^ then paeicp^ columni und>15 mL' pf liipth-,- 

anolic pxinicfe W top^ Tlib cpl^ 

blutcd; 3top>y^ tuidJ?:50C)) 1^ I 

methbnpl^^CBp; 

ovapoi'aU^^iJOCi^ and isl^rcU un^ 

-genvat:^— it)*?G.^u>^ 

- De CarfnirtaiiM^'^i^^n^^ i^r^ dliccon ten is (TPC), 'l^PQ of y,. 
tlio extract was toi^tedii^^W^ the Associa- 

tion of Offabial/^^ (AOAC) (l 5K Drioflyi ; V 

oat extract (0,1; xiiL) wa^^ ii^to a lOO-mL yplumotric / 

flask cohtainini|^5 m FblirirPoms rear^^^V 

gent (ly mL) ahd.saliui€tcd spdium^ (10: ^ 

niL) woro dddbd to tlio Hask and diluted to 100 mL Witl^ 
distilled water* Tlio iitixturb was then shaken for 1 n 
. aaid allowed to stand at room toniper^ Thi 
absorbancbof tlip sbiution was viewed in a spoc^rophc#tq i 
meter at;7C6:nitv^ . ' . ' \ - // 

Oil storal^c tests. All s torago tests vycfp cpndiictcd witU, 
refined, bleached dhii deodorize aiid cbttoxisccd ' 
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oils obtained from coininorciul sources, Tho oUa contuincd 
no additives oxccpt citric acid. All teats were run on 
duplicuto oil sumples. Oat oxUuct (0.005, 0.02 ajuU).g3;>u. 
wt/wt based on a'J:^C_aj3iEi^AyS^ "^ll, ^^ii^ 
Q^ artl^ficd "uiIci'cr,nilr oKcn l i rsL and then aPcT ciriolO i; 
of^cottonsced ojl atored at a6°C for 30 d o r at GO^C^^ r 
"25 d jli tho d ark. Q at qjarajLO'ajlSIjSli^^ 
' tTationsJthan iu3t.Jiat«diQJn^QJi2jma.QJj^ 
lid to tho cottonseed and soybean oils stored at 30*'C 
f under fluorcscont light at a distance of 180 fooL-cundles 
' (ft-c) for 10 d and to .soybean oil 3U>l^;d at CO*C in tho dark 
for 10 d. Additional tioatnmnts for oach te:jt included tei"- 
tiary butyl hydroquinono (TaiiQU0.02%)» tho best syn- 
thetic antioxidant available (16)» and a control con tain- 
inti no additives (except citric acid). All treatmenU were 
stored in open beaUers (00 n»L) that had been precloaned 
with a potassiunvethunol solution {5 g potassium hydrox- 
- ido per lOQ mL etlianol)^ The oils were sampled. every two 
days. - - . ; — - W^r'V , ■ ' : • ' 

Emulsion storuuc tcscs. l^io ttntioxidttijtvuctiyjty of tho 
oat extract xiiso was tested in soybean and cottpnsq^^ oil 
bmulsiono. All Uvjts were run on dupiieuto omulsion pro- 
parations; Tho eujulsions coh^tito<i. oC,.;10 (5C%) oil 
bl6hdbd with:7.74J (43%) water oiid 1 « (1%) 'iWooVi 20; an 
bixiui^ifior; (Aldrich). Oat ojttract (O.Oli/OiOtd or 0.03%) or 
TI3;liQ {0.(>2%) was added to o^clv trdatmont mixtuio and 
bloiidud ih u Warih(^ coinn>e^^^ Cur- 
lyofatibttof Auwrica^ Now^^H QV) fur 1 nun to forin 

stable cniiilaions. A. cp"t»ro^ Cruiitineht with tio additive.-i 
also wu^ i<^ then stored, at 30**C 

lii ider fluoiiisceii t litjh t at a dis UifVco of 1 HO ft-c or a t iiO "C 
iii tho diirU for uji to i() d. Airtroatihontu woro stored in 
op(»i boukoni (GO inL) th YJ-^* 
pbtaaisiuin cthanoji solution aa previously described. Thu 
cxnuisions were :iainpled every two days. ^ > ' ^ 

: Per6xiUa^vaiucs (P^^ PV bf the oils ;wore analyzed 
tho day of sampling by tho Stairtm teat as modified 
by liamin at (17). The PV of tho emulsions wero 
anulya:od according to AOCS Standard Method cd 
(IB); Bccauao the omulsiona c6nt,aiiied water, ti^ Stannn 
" test was not suitublo for PV-iricaaurementa. Tho PV of 
tho oila&id bmu^^^ ui tripiicutc and duplicuU:^ 

■ n^pectivbly; i: . . ^i"^" ' ; ■- •■ ' . 

iOC o/l fatty acid moUiyl vs^ ""^ 
coti^hsccd dila and omub^ wero 
ahUlyicd for fatty acid composiUpn on af Hb^^ 
GSbp Sonea ll gas ciupmUU)graph t^^^^ 
not C'Squ lutj^ PA) equipped Avitlv a fliiiric^ioiiization do tec- 
ti^r iincTspUt/sphtlcsa inj^ capi^ 
lary column waa used with climchsibnif 6f 0^2 & mm X I 5 
m X 0.25>im film thickneaa (J&W SizieWtific Inc., lUmcho 
GoirdiVa, CA)i Chromatographic paramotera wero set as 
foUowa- injector tomperaturti.:2Ga^ dot*;cU>r tempera 



on tho plates and dovoldpodin thp,uppor phaao of ciu^ 
fonn/othanol/acotic acid (98:2:'2)., Af tor dovdopmont, \ 
plates wore dried and sprayed with a p-car tone solutioi^ 
Tho /J>i;arj?t<3U0 (g%)jwa3dissolvod in 3p-mL cldoroform' 
and n\ixod_with twojlropa ofjin oloic acid and 60 mb 
"etlianoirTho intensity of oraiigo color corresponded to tho 
antioxidant activity of tho pat extract (20). During tho 
prdliminary stages,. tho ground groats, whole groats and 
hulls wero oxtiractod with mcthonol^JT^SLincthaaoUc oxr« 
Lruct. of^ground groats had thojjcstj^tioxisljuijfc^^^ 
thorefdrjC'it'^waa jclipsw^^ . 
"TLC'to fdctUifyTlUit chemical composition of the out ex- 
(rtict. Tho chcn^cal comjjQsition of the oat extract was ten- 
tatively dcterminod by following a modified procedure of 
'iliga ct al (21). The purified extract (50 fiL) obtained aftxir 
was streaked on a TLC plato (0.25 mm) axid dovclopcHi 
first in tho solvent systonv of cldorof6rn\/cthanol/acotic 
acid. The plate was viewed under UV light (3G0 hiri) and 
then aproyed with /3-carqtcnp along one aide of the plalo 
to identify baiids of antidxidahtk Tho clean portions, of 
tho separated bands (poaitivo in p-corotoho aptay) wOiro 
scraped from tho plate, extracted in mothanol and con- 
centrated to 1.5 nil?. Tho extracts of ciddi band IXC| 
wero opottod oia andtlioi^ and dovolopod in 

butanoyiicdtic acid/wqtor (4:1:5); Nino sprays woro uspcl to 
help identify tho tcoihppaVUbn of U\o bunds i'lUbio l) 

(22-30). ^^"^ '^-r'.'- ■ x-y.;.:^ ':. ' ■ '■■ - • 

GC und GC/M^ toHdantify tha chamicid composition 
of ihd <>at aiirdct^ TiVo pat oxUact wjia aiialyxed for its 
p henolic acid conipbsitiph. Tho oitriict was first hydro- 
Ij^zod dud then dcriVatiiied v/ith trimothyisilyl (TMS) by 
the method of Pometto and Cra%vford (31)^ :T^ go^ 
chroinatograplv was identical to that dosdribod for anol* 
Vsi^ bf I'AMlSi Thb M waa n liewlott-i*aciiahl 697a nia^^ 
sclectivb detector. A SPlS^t fusod-ssmcn capiUafy 
was used with dimensions of 0.25 inin X 25 m X 0,25 inn 
fiinVtliickiieaa (Supblcah Supelcb Porlci; B(41c 
Chromatograpiiic pairametors werb sot o^i foUpWs; injec- 
tor LompcratUrc, 240*G; detectbr l^pbratm 260^G ^ 
umn tempbi^aturd. programnunj^ ^ 
12^G/min with 2 n^ holding at 14p*C and:10 jpihrhold^ 
at 2G0^G; and column flow, 1,74 mL/n^iii; V: 
, -^ i^y fo^o^ Yitl^-M^»"^^^^»'^^-^ f^^'^^^-' nhrmirnl rnmnnnv S i 

n San>>^<y ^ ^njhr ^^f^ r nffrirn o^ 

trdh:.-cianaF t^l^ n^j i ; ^.; o-cQfim '^^HnnrrhnYV- t 




Data and siuiUlicui analystis. All data, iiro^thp ayo|ia 



, 200'C at i2*'C/min with G*^ min holtl_-„ 
' ind carrier gaa^dlo) at 100 niUniih. Tho fatty acida wero 
\\ converted to KAM15 by following tho procedure of iiani- 
\1 mond and Kehr (ID). All testa wero run in duplicate, and 
;i the ibaulta were averaged. J: ' y. ; . -. ; 

V TLC for antioxidant actiuityThti t^^ 
Millbr (20) waa uaed to cstimato tho antioxidant activity 
of tho oat extracts. Tho TLC plates (0.25 min) precoufcod 
with silica gel G (Fiahcr Scientific; Itasca, IL) wero ac- 
tivated at 120^0 fpr 2 i Oat extract (25 jiUwas streaked 

V 
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by the Stutiatiwd Anuiiyais Sy8U>m (SAS)^^^ Tho a 
nificanco waa accepted ut J* < 0,QC^. 

RESuqrs;AND pISCUSSI^ 

PrcUniinary storage tests with unmodified oat extn 
McUianblic oat extracts, proporcd exactly as dcscribpc 
Duvo and White (14), woro added to soyboaii oil i 
stored. A3 before, there wero iio iapparent difference: 



A 
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FoCl.-K3yotCN)o. A.U.C ■ Ulu.^ 



IMionolica (22) ... ^ 
l>honoUca without a-/p>01i i23> 



NH^OH-AKNOa' 
Vuii-pta . 

Dl'NA*' 
Nu^COa 

1 2 vupor 
Aniiino oxalate 



A 

U.C 

A,U»C' 

U.C 



A 

A.ii 



Urpwii/bluck/gruy 
Uod-violot 

Uruwti 
KluoroHCunt 
color chani;us 
Urown 



Groon-browii 
Hod 
Ybllow 
Light brown 
Drown. 



Uoducinii compouoda (24) 
Klavonoids plUorotfluciiiol nucloue 
l»ittvbiVoltl8 rosbrcitiol nuclous 12&) 
IVoo w/;>-Oli phonolica* 12U) 
Kroo Oijl phonoUcn 127) 

Suifar^iwr<^ptaU. ulcohoU, 
hoxttiiblc;acid>; tflycoridos^ . ^ 
N-ttcyiaiuliio augbrti, noutrul ; 
' aiid^ aUdJpOlyaiMXJhw^ (28) i* - f 

Pen tosoa - ^^^^ ' ' » u/*. . . , / . !; C 
Ur<inlc ttddfl-(2U) r^,:^ ' 

: Aldog)i6nU)3b3H30)'^^^^^^ ' ■■ 



-invoivolLca with (roo orthu^ or /.ara hydroxjr ^f^f^ 
''DlnxoLirod ii-l^trbttJ»U|no.^^^ ^ 



v: 



crtcctivono33 mnong tho trontmonts. cpntaming 
Stbo toiitrol wiLlv lio ndditivM. whoa atorod at (.0 ,0 

,.xtract tt3 described iu tho Mutorials-and Methods scc- 
iSuSy TLC. U tho cxtruct wua fuithqr touted ua 

^blS^n tho groutcat amount ;ofvlRh?^ 
h^fih^och subsequent extraction 

ioW TJib Ti'C of tho hoxuiw oluaut frpivvGC ol.lho cr>»p^ 
■■■ Sii°uto<^wai. tested. uM: tJnl>^ :a vamaUvwnoi"'^ of, 

;SSSl-|olvohts vvbrtf h^i^^ 



nxidaiit dctisrity. ifitbo extract bocomdSb^j^r-^ . . 

ttiidt^todltorWGvA roductionm^^ 
"urrcd froin 30 ppni bpforp drying P°}}^s:Pmmf^^t 
u .loliL Sviioh dried iuid oxpoaod to uir.-Thoroforo, tlio V 



TLC for UiitioXidani uctii^Uy. It 
iiiJ-iriiV; iMv^M 0J life tiip puriKcd pat 

^l^sSa^SiMcot^riiijo color tharv;j3uajsn3;wuuw^w r-:r • 
suKSaahr^iSSiKod pat ^'^ m^'m^^P^ 

activity was-fouhd iii the hoxanp pluantpf C^i'T^c dnca 
S^dlctriifet :ii«d4iU «ntioxida»j^j?«.wit^. wliu^^ 
UKrood withVthP-Tt^ 

soSvfdtSedik'ftiblo 1 wctpusod.tplpntofayoly idcn^ 
0.81. 0.62, ^)^^^^|My] t^ 



ifei?»tliia6thppuriKcd^M^ ; 
Wd&lcw prango color than:did !th^^^^ j 
M5JiiJifSJ£:fiAH nnt QitractVM^^^ • 



H A ^ n 03>. had o Biixular. chomiool cpnUmtjtbut 

^^^^ 

' tbnscod oUs: aro-sho^ • . 



Solyonl ctianKoa 



G: 
.7 . 
Totttl 



■ (p|)my* 
^ 1G.U7;^ 

0.67 

o .0;24 

30.53,: 
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TABLED 

Fotty Ada Compositiou (rcltttivo urou %) of iVciih Suybouii 
uud Cottoiiflccd OiU» ^ ■ •■ ' " . 



•Oils 



14:0 



1G:0 



18:0 



18:1 



18:2 



18:3 



Soyboan 
Coltonaowi 



1.0 



11.0 

24 A: 



4.2 

2.4. 



23.8 
17.& 



G3.& 
&3.U 



7.8 



-<0.01%. 



Figure 1 shows the results of cottonseed oil treatments 
stored at 30'C in the dark for 30 d. The PV of the control 
oil wua sigmficuntly hiigjhor than Py of all other trout- 
.^cnts after 8 d of storaga The. treatnaonts contairiinti 
0.005, 0.02 and 0.03% were not slgnificaLntly different from 
each'othor until day l8i when tho trbatn^^ containing; 
0.O0G% out extract was sigiuncuialy higher in PV Lhun 
the Other treatments cbhtaihihg oat extract. The oU conv . . 
tailing 0.03% oat extract had a significantly lower PV 
than did the oil containing 0.02% out extract on iluya 28 
and 30. The treatment containing 0.02% TBHQ was not 
significantly different in PV from the oils containing dif- 
fdroxit tevols of oat extract until day 16; ^a the 
trodtinbht containing 0.02% TBllQ maintained a signifi- 
caiitiy lower PV thuiVoU other twatments. The mugiutude 
of the differences between trottEments that contained oat 
:^<^r^and the trcatmpnt.epnt^ningX).02% TBHQ. how- 
r e^irorir was hot great. /^^ . . , r 

^ ^hon cottohWeed oi 

26%(Fig^2);-tho cohti^i bit wU3rsig*>ific^^ 
PV than all other treatmohts vfrbm day 2 on.^^^U^ day 
Ai no significant differences wpro found among the treat- 
mdnts containing difforenfo levels ^ pC pat extract and 
TBHQ. The treatment containing,0*005% of oat extract 
■ had a significanUy. higher jP^ than, treatments. c^tain^ 
ing the other two levels of Oat oxiract axid TBHQ after 
id of storage. From duy^lU on, the troatmonL cGntaining 



i u^i^hificantly io>^^ Lreutn^ents 
•'*after xlay -14.^ -t^C,:-: t^-V:"';;'.^.-" . ' ■"■.'"/^ ' 

^ ^iiuring- storage of cottpnsecd:^oil at 30"C m the liglit 
(Fig. 3). the control tieath&nt . was sigiiifican higher in 
PV than were all other troatmonts.: On day 2;* the treat- 
^ irionts containing 0.01 and 6.02^ out extract, which: were 
xiot significantly different from each other, ^ had signifi- 
cantly higher i^V than ilidthotreatnients contmmng 
0 03% but extract and 0,02%. TBliQ: Them was no signifi- 
cant differeiice between the last two treatments: After day 
2, the treatment containing TBHQ had the lowest PV; 
followed by the treatnieivts containing 0.03, 0.02 and 
0.01% oat oxtrucL, respectively, winch were all signifi- 
cantly different from each other ^ ; 

Storage of soybean oil- treatmonts at G0**C in tlie durK 
(Fig 2) revealed no ^igiuficiint difference^^^ umung the 
treatments that contained uny level of oat extract or 
'* TBHQ After day 2, the PV of the control oil were much 
' higher than were PV of the rest of the treatments. 

Figure 3 shows the results of soybean oil treatments 
stored at 30"C in the Ught. After day -1/ the treatments 
that contained oat extract had significantly 
did the control. The' treatment containing O.OiVu ilSti^Z 
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Days slored at 30"C |n thia dsirk - 

I'lC 1. t'oroxido voiuoii of coltoiwodU uU.Uoatutbnla nUttmi al 30* 
tu itio aiirki .yUllQ fa lortiary butyl IjyUf ' 



WU3 siBuiliiuntly lowor in PV thua ttll 6th 
tht<)aBhOut aitorngd On days 2 tuid;^ tha troatm nt co 
taimiiK 0.01% oat extract was sigmficanUy .lovror m.f 
Lhari trdatmdnts containing the pthpr l^iSYols ftf pat extrac 
13at by daya 6. 8 arid 10. no aiemficimt dif foroncM 
IbStKWUn<*e tho^>«jatm«»t:?; th»|^c^ diflbrci 
Idvols of oat extract. ' . T^^- 'i - -!^ i 

6u&6xteact was similarly cff<jctivo in b^^^^^ 
coLlunsooa oiltt. ovon thouKh tho dogW of un^^ 
iiv soyboan oU was liithor than lii cot^nsccd oiM l^blo . 
-5rh(»OTd antioxidant tohdbd :tic> Biyov^ttet^^ 
botli;s«^oart;aad;pbtto 

uti»d.Wom: tcmporaturo ICP'P) tlxan^Ou^ ' 
At 30-C in; tbo light and CO'CliTtho dark, tho oat o 

"tw-rt»t6:o65%^w^ 

Uiau atO.62 amfO.03% l?(H;aiwont>4ifR^^ 
witiiih soy boan oils containing pat dx^ 
0 02 or 6:03% and cottonseed oil contammg 0.02 or 0.03 
oat oxttact, porhaps 0.01% oat «sxtract waslh nunimu 
aittoiiht rioodod for maximum offoctivwioss.''^- 

in all storage tests. Uio inducUon periods of the 01 s co 
uui^^g oat exUact at all levels or TBHQ were mucl. long 
. thahrSas tho-inductiPri period of the (^Uo^^^^^^^ 
tloxMiiit troatmonts had not even reached the end ol tlw 
indiictidii period by the end of the atorago tost, tor c 
ample; it 6^ in the darU (Fig. 2). the cottonseed oil co 
r^u4ched Uie end of its induction period »v2 d where 
the Oo^tments cuiitpining 0.03% oat extract or imi 

hud noCroached the end of the in^.^cti*"! ,fi"'2 
. d of storaga The treatnvents cpntaimng a005^and a02 
oat ejctVact had induction periods of 8 and 18 d, respi 

tivol'y? Other, testa showed '^^^^ . {re 

-Tiwi^iiUtsin Ui current experimonts are tbrfcrcnt Ire 
Lhise Of Duvo and WiUt6(14).Who cited n s.gmficant d 
fcrcncca in PV among soybcaii Oil trcatinpnts that co 
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0 . o ' 'lo.r^^l2 



r/r.;^^ " . - ; Daya olorod at op^C In iho cJark**^^^^ 

Fl<i;2;(ijli*«iroiUao vtt^ ami lU) iuybottn oU lrotttmpttUi,»UHrea at CO^ 



taihod oat extract m.d a control atoned at GO-Q for 20 d. rob t^ ^^^^^^^^^'JSS^^ 
: But thoy didnotoaomppff^^^^ caiwa.U^o amow^^^^ l; 

bbai oil -stored at Z2^C in the dark.for 80 d. Tho biKiiifi- avus basod on total ph onohc^ ntont and not jugtwoigft 
cant improvomont^f tiiai^^ current oxpori- e£;Uiojo?iEfi5i^ 'r-x r^'.J,^ jwitinl FAiJik of sdvb an! 

monts is likely duo to. thp fiii^^^^^^ J5r//tu/«o/i ^ro/«irtf rc5f^. Ih inxUai FJiMI^ 
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und cottonseed oUa used in tho emulsions worp the soino 
us thSo^for the pure oils ('l\»blo 3). No 8iBmfica.it d.f-. 
?o^ox?c^ in^l-AMJ^woro noted a^^^^^^^ 
atoraKC. and the decreases in unsaturated foUy. acids wore 
by the end ol the storage U>sts. so these data are 

" Durin^e d'of storage at 30»C in the light tho troot- 
.nSs that contained oat extract or TBHQ had signifi- 



cantly lower PV thon did tho control U' ig. 4). In genet, 
ro significant differences were observed among tho treov 
nouLs that contained ony lovol of oat extract throughout 
Lho study iCtrea 

ctlnLly Wghcr PV than did tho treatments contmnmg any- 
level of oat extract on day 6.' ■ ■ v. ' , . . ' 

When stored at 60-C in thp dark (Fig. 6). the treatments 
containing any lovol of oat extract were not sigmficontly 
different from each other until the last^day of storage, at 
which time the treatment containing 0.03% oat extract 
had a significanUy lower PV than did the. treatments with 
tho oth^ two levels of oat oxtracU Tho treatment conta^ 
inir TBHQ had a significantly hig^ior PV than did the ^ 
troatmonu containing any lovol of oat extract throughout; 
tho study. On day 6. tho PV of tho troatmont contommg 
TBHQ was much higher than any of tho tr^tmonts with 
oat extract. The PV of tho control was significantly higher 
; :c;hiLn wore py of tho n»t;of tha trtjatmonts ^throughout ^ 

liKht (Fig;' 4)rtho^ twatipaQnt3 contiumng added antiox-| 
Si had »ig.»ificantl>.lowor P^ tho control oA^ 

On day 2. no significant differences v^ero found among th^ 
SoSbnta coSoining different levels of oat ««trttct ,md^ 
TBHQ. On days 4 and 6. tho treatmonte contmnmg dif-., 
fenmtlovSs of oat extract v/ore not sigmficantly <^««^«H 
frwn eadhoUior. but thoy had significantly higher PV than t 
.. d?d he^atm<;nt containing TBHQ. On day^^ tho^a^^ 
-nonts containing 0.03% oat extract and TBH«^ v,mca 
wSot Sficantly different from each other. W 3i^| 
^ SantW Idwo^ PV- than did the troatments eontommg? 
0 0 02% oatktracu Practically speaking, howover. i 

tk^cfif Lon^ tho ontio^^^^ 

SoSbW W^ not.impbrtan On day 10. no slgmf^c»^t.^ 
S[ffSro«co3 were found among the^rooUaents contommg., 
difforont levels of oat.extract and 1BHQ. _- - 
Durinjc 10 d of storage at 60^C in tho dark 5). tho 
so?bpan^oa t?eatmontf.witt^ of oat extract and| 

•mi^ had aiKmficantly.lowor PV than did the controL • 
i^i d?y t tredtS cLta^ tho diff«J«»t addiUv^ 

tract, but all tho treatments with of»t 'J^^TBlia 
c^dy lower PV than did tho treatment 
On days a and 10, thatroatmcntcontiunmg0.03^ oatcx 

Sact^^d a lower'PV than did the ^^t^^ T^oS 
the other two levels of oat extmct. w^ch w^^^ 

nificantly different from ooch o'^'*'' ".^^^^s 
CO-C storage in the dark, the o'^^^!?""^^^ ^oXaa- 
superior to TBHQ at reducing oxidation of the soyooan 

°^\n^SXoat ^'^-^--^^^ '^^^ 
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• (33) ,U3o fbund Ch^t^^hoa?^^^ 
ground fprinv^o^ 



^ic^_cconiy3iicis6 too groat toprt?: 

o|^thc^p^pducta2rciSS,a^^ 
Uoxacant,^^^^^^ 
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liiiih-oa- containing outa. Tho extract from out hulla. wliich /(^^ Kuruchi;r.. M. Aizawu and A. Kunuiui, X A/ii;: Oil C^«^ 



(14,34.35), may bo onothor way.tOflowor tho cost of out (1005). -^V- ' •■ ' V'^v "^^VV 

antioxidants. Oat hulls mako up about 30% (wt/wt) of Official Maihoda and Jiecomm^^ 
whoio oats. on Chctjusis ' Sbcictx4th odtu; odlUxl by IX FlngtoncC A iW o rkt jiM 

Oil ChoinisLa' Society; Champui^>i08D.'.aV>i^^ 

ly. liommond, E.G;,' imdiWJLJ"ohr/in jBiofccA/iotoio' /<>'' ^^c-^^^^^ 
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ion. Outlook on 



AHSTKACr 

Some hisiorical facts on and botanical dcscriotions of sesame arc 
given. Some flavor studies of raw and roasted sesame seeds and oils 
arc described. Composition and some usages arc also bricHy re- 
ported. Sesame has lon)^ been regarded in the Orient as a health 
food whiclj increases energy and prevents aging. Sesame oil has 
been known empirically as a cooking oil which is highly resistant 
to oxidative deterioratii>n in comparison with other edible oils. Until 
recently there were no sCicniific studies to elucidate these interesting 
;uspccis of sesame seed and i>il. but the author and members of his 
group initiated :iiudics on the chemical elucidation of antioxidaiive 
principles of sesame seed and oil, and extensively investigated the 
antiaging effect of sc^a:nc. Presence of various new antioxidaiive 
lignan phenol compounds in .sesame seed and oil is described. Ses-. 
aminol has been identified as a new antioxidattvc principle in raw 
.sesame salad oil. The ni.x'hanism of the superior antioxidaiive no* 
tivity of roasted .sc.\ame i>il is being elucidated and i.s consistent with 
the syiicrgisiic effect ul ih.e browniiig products \yilh tocopherol, 
sesamol, and sesannn. ^\)liceablc results concerning the antiaging 
effect of sesame have been shown in a series qf animal experiments. 
The suppressive effect on Ncnescence in mice by long-ternfr feeding 
of sesame was ilcru»nsi rated. Se.\ame lignans had a synergistic ef- 
fect on vitamin Li aciiviiies when added to tocopherols. Tlie addi- 
tion of sesanic lignaps, especially that of aiuioxidaiive-irgDafi ses-. 
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*Cocfficicmi; 
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Protein 

Sesame contains appro 
cording to iCinmun (2). 
Amino acid content va; 
is found between whii 
values recommended 
Health Organization (F 



,Cai:b»ohydrate:(g) 

g|:A$h:(g);-/.. 
Ca-(mg) V 

Na (mg) . 
K.(mg) 
Vit.-iA (lU) 
Caroicnc 0*g) 
Di (mg) 
(mg) 
Niacin (mg) 
Yii, C 



51.9 
15.3 
3.1 
5.2 
r 1200 J 
540' 

<976 ) 
2 
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0 
17 

0.95 
0.25 
5.1 
0 



19.0 
23.7 
4.5 
5.0 
240 
580 
9.4 
1 

1900 
0 
12 

0.83 
0.30 
2.2 
O 



71.8 

1.0 
1.3 
10 
300 • 

1.1 
•> 

250 
(; 
0 

0.54 

4.5 
U 



Fatty acids of the oil consist mainly of oleic and linolcic acids, with small 
amounts ol palm.iic and stearic acids but with only trace amounts of linolenic 
acjd. A comparison of the fatty acids in sesame and of soybean and other oils 
IS given in Table 3 (20). 

NutrilionaUy. linolcic. linolenic. and arachidonic acids arc considered as essen- 
tiaJ fatty acids (11). although arachidonic acid is assumed to be sy^ithesized in 
wvo from Imoleic acid. According to recent studies on prostaglandins, tho:;e 
produced from «-3 latty acids (e.g.. linolenic acid) arc different from those de- 
nvcd from ,,-6 acids (e.g.. linolcic acid) and have platelet anticoagulativc action 
(21). In this connection it has been said that sesame oil with low n-3 fatty acid 
'. content IS an inferior source of prostaglandin, but this would not place sesame 
,oil much further behind other oils in nutritive value. If sc.ame oil is used in com- 
bination with soybean oil, as it is commonly used in preparing icmpuru in Japan, 
sesame oil markedly enhances the nutritive value of the lipid and increases the 
vjtamm E activity. 

Another important physiological action of unsaturated fatty acid is the sup- 
prcssion of plasma cholesterol levels. In one study on the effect of addition of 
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cooked rice or bread, or mixed wiiU vcgeiables as a dressing, ll can also serve 
as a dip for boiled meat. Sesame powder was not available until freeze grinding 

was introduced. ,r • . ir • 

"Goma-dolu" (sesame tolu curd) is made by solidifytng a half-and-half mix- 
ture of sesame paste and arrowroot starch. It has a pleasant texture and is highly 
nutritious. In China, sesame jam. a mixture of sesame paste, fats, and sugar, is 
prepared in the form of a steamed Hour dumpling. It is a very popular dish. 

Black sesame seeds have been popular as food in Asian countries, partly be- 
cause of a traditional belief that it prevents senility. How much truth there is in 
this belief is di.scussed later. 

Oil meal, residue after oil is expelled, is highly valued as a lood material with 
hi"h ::utr:t:c.^ai value provided ih.al the temperature of the c.vncUcr is not loo 
iiigh. UreaTand meat loaf containing the m-al have been developed (7-9). Use 
of meal is important because of sesame's high nutritional value of its proteins 
and lignans. 

SKSAMi: SEEDS: COMPOSITION AND NUTRITIONAL CHEMISTRY 

A.N described above, .sesame .seed.s vary considerably, depending on varieties, 
in size, color, and coat thickness. They differ in major and minor components. 

Oil protein, and carbohydrate arc the major constituents of sesame. Those . 
of a common brown sesame .seed arc shown in Table 1 (10). Though it may not 
be fully justified to compare sesame, a food only occasionally used, with food 
consumed daily, the nutritional value of sesame in comparison with soybean, 
rice, and others is di.scu.ssed (11). 



Oil 

Sesame is a high-energy food containing approximately 50% oil. and cells of the 
cotyledon and the residual endosperm are filled with oil droplets. Many studies 
have shown the variation of the oil content by species and cull ivat ion condi- 
tions: lowest is 34% to 35o/o. and highest is 63% to 64% ^i^-'")- f 
lor 42 strains of sesame grown at two locations are given m 1 able 2 ( » on 
contents of the seed varied from 43.4% to 58.8%. the average being 52.7% and 
the standard deviation being 3.9%. I he average oil content for the 
strains was 55.0%; and for the black-seeded strains. 47.8%. The hulls of the 
black-seeded strains wcre thick; it was found that the oil contents varied inversely 
with the percentage of the hull, and that this could be used as a criterion to pre- 
dict oil content. The correlation of oil content to lignan cqncciitraiions is dis- 
cu.ssed later in the .sections on lignans. 
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TobU 2. i£ffcci of Seed Color Types on Seed Oil Conicni and Con- 
ic lus of Minor Coinp\»neni.s in Oil of Sc satnum in diciim L. 

Seed color type 





While 


Brown 


Black 


Number of samplc.% 


15 


12 


Jl 


Oil (%) 








Mean 


35.0 a- 


54.2 a 


47.8 b 


Kongc 


51.8-58.8 


50.5-56.5 


43.4-51.1 


CV* 


3.7 


3.4 


5.9 


Scsamin (Vo in oil) 








Mcun 


0.44 a 


0.36 a* 


0.24 b» 


Range 


0.12-0.61 


O.i 1-0.61 


0.07-0.40 


CV* 


36.7 


38. 8 


3V.0 


Scsaniolin (^/o in oil) 








Mean 


0.23 a 


0.30 a 


0.27 a 




0.02-0.48 


0.13-0.42 


0.13-0.40 


CV* 


73.3 


33;4 


27.1 


100 seed weight (mg) 








Mean 


274.5 a 


295.0 a 


280.3 a 


Kangc 


228.8-3^0.9 


* 218.7-346.3 


232.5-351.9 


CV* 


12.8 


18.S 


12.9 


Huir C^To) 








Mean 


6.2 c 


8.0 b 


14.4 a 


Range 


3.5-8.3 


6.1-9.5 


6.7-23.2 


CV* 


25.3 


12.4 


39.3 



'Mean values on each row followed by the same letter da not differ slg* 
iuficantly ai the IVt IcvcL 
'^Coefficient of variaiion. 

''Kaiio of (he hull to ihc whole seed by weight. 

*The conieni of sesuntin in oil in brown- and block-seeded .tirains differs, 
significantly only ni the ^''/s level. 



oils to lard» the order of suppression of cholesterol level was soybean oil > ses- 
ame oil > corn oil, though this is still an unsolved issue (20). 



Prulcin 

Sesame contain.s approximaicly 20Vo protein (l6.7-27.4%» average 22.3%, ac- 
cording to Kinnuin (2)]. Tlic amino acid composition is shown in Table 4 (18). 
Amino acid content varies among species (15, IS), but no significant difference 
is found between white and black species (22). Compared with the standard 
values recommended by the Food and Agriculture Organizationind the World 
.Health Organization (FA O/ WHO), sesame protein is slightly lower in lysine bui 




1 




NAMIKI 



■ Table J. I-ully Acid Contposilioii of VoKCiublc Oii.s and l-"al (ij/lOO b) 



1» 



9 



1^ 



l*aity aciiJ 


Sesame oil 
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O.IO 


12:0 


0.2V 


0.10 
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0.91 


14:0 


0.14 


0.16 
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3.71 


16:0 


V.4 


10.7 


10.7 


2.4K 


18:0 


4.76 


3.87 


1.74 


18.7 


20:0 


0.58 


0.22 • 


0.29 


— • 


14:1 


— 
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1.55 


16:1 


0.30 


0.29 


0. 14 


4.73 


16:2 




■~ 


~* 


0.88 


18:1 


39.1 


22.8 


24.6 


36.0 


18:2 


40,0 


50.8 


57.4 


3.65 


18:3 


0.46 


6.76 


0.82 


0.56 


20: i 


0.21 








22:1 


0.38 








Totals 










Saluraicii 


15. 2 


15.0 


12.2 


48.2 


Uiisuiiiruicd (tuono) 


39.9y 


23.09 


24.74 


42.23 


Unsmiirutcd (poly) 


40.46 


57.51 


58.22 


5.09 



i! ' 



pirbohytlrttlc 



•"dEurbohydrutc conicni is about 18-20p/(^^but there have not been many studies 
on.thc nutrilionul aspects. The presence of low amounts of glucose and lYuc- 



richer in other am ino acicls, especi ally mcihioninc. cystine ^ argininc. and Ieu> 
icinej Animal studies have shown that the simultaneous use of sesame protein 
'anH]soybcaii_prciciji» which is rid}_m_ly_sine but low ijjLmdbi.Q.Djn^ produces 
good growth in rats (1 1. 23). 

::As already mentioned^ sesame oil cake improves the nutritional quality of 
bread. It is highly valued as an additive to cattle feed» and comparative studies 
v^th sorghum, millet, and oil bean seed showed its value in improving the amino 
acid profile and protein utilization (24). However, the cake obtained from roasted 
sesame ma y_con(ain heavily dc^iaiurized protein and was found unfit for food . 
Extraction_oll insoluble proteins and improvement of its nutritional quality b y 
Tising bacterial enzymes are being invcsiigaicd_C-5). 
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Phc + 
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Trypioi 

Valine 
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Glycine 

Proline 

Serine 



tosc, and also an 
furanosyl-a-D-gl 
present. Most ol 
hydrates unaffcf 
of 1 1 has beer 
reexamined, in ^ 
on various adult 



YltumlM 

Sesame contains 
0.25 mgVot and 



SICSAMK 



291 



Mincruls and Trace Constiiucnis 

Sesame seed is rich in mineral consntucnts, as shown in Tables I and 5. It is cspc- 
_cialiy rich in c alcjum (1_2Q mg/j OOj^laadiiOQ^CaJS mg/lO Q g) as well as in phos > 

phormis, potassium,. magnesium, /.inc, and_.sclcniiam,(32)» 
"Calcium and irog^wiiicJi are oflcn deficient in modern dieis» arc found in 

higli conceniraiion in sesame. However, ca lcium'is^fdund'to'bc co ncoi ncd'malnl y' 
~in~the"sced'coat'as'"arroxalaTe, Table 5. Recent investigation of the hot water 
landOi rMIH CI extracts of the pi»lveri7xd2scsamc2b>;^[9_mic absbrpiion'spectro- 

scopy and ion chromatograpliy showed tliat the contents of total and free oxalic 
^"acids arc 1750 mg and 350 mg, respectively, and that of total calcium is 800 mg 

per iOQ^gTceds, Thercforcj ti^c nutritionallY a vaira"bic calcium was cstimatcdjjo 
"be 165 mg, the difference between the content of calcium in calcium oxal mc 
^^~O.l^Cl0ial.calcium,(33). 

^elcni.umJs also present in sesame. Selenium is a c onstituent of glutathjnc 

pcroxidascj^yjiich is associated "with ihclFccycaUoiU^jG^iysio^ I I 

^tion; but in excess ive a mounts, it has a negative effect. The human req uirement^/ 

is assumed to b e 40-200 jiig/d ay. On e DapctLj ^:DQjJL<Ld_lh c content of 3671 m g 
~Sc7g'"jiVisp.laicd_5Csanic protein Q Fiowcvcr, the Sc content is related to the I 
^con centration jn the so ils./ 

A^arVcy^* the poicniially harmful levels of Ni and other heavy metals in 

various vegetable oilseeds and oils showed that sesame seed was highest in Cu 

content (17.0 ppm) and contained Fc (80.7 ppm) and Ni (1.46 ppm). Cu (0.02 

ppm) and Fe (0.14 ppm) were found in sesame oils, and Ni was not (34). 



Li^nuns 

Lignans, low molecular weight compounds produced by oxidative coupling of 
p-hydroxyphcnylpropane. arc a minor in amount but very important functional 
components of sesame. Sesame contains significant amounts of characteristic 
lignans, sesamin (a typical lignan with l5-(3 linkage) and scsamolin (a compound 
with a phcnylgroup with an accial oxygen bridge). Figure I (35). Sesamin has 
been found in other plants also, but scsamolin seems to be characteristic of ses- 
ame. Commercial scsainc seeds contain these lignans in fairly high levels as 
shown in Table 7,A (36). In this study, the lignan.contcnl of 14 varieties was 
determined. These varieties were grown in Japan and cultivated under the same 
conditions. Some difference was observed in the scsamolin content, but no ap- 
parent genetic and color differences were noted. Statistical analysis showed that 
the average ratio of sesamin lo .scsamolin in the black varieties was larger than 
in the white varieties at the 5% significance level. 

Further investigation of the oil and lignan contents of sesaminaftd scsamolin 
in 42 strains oi' Scsa/nu/n indicuni L. indicated that the percentage of sesamin 
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Lignan Coatcius in Different Strains of Sesame Seed in Japan 
A. Scxufnin and Sesamolin {mg/iOO g oil) 



Strain no.* 




Seed 

cojoi* 


Scsamin • 
A 


Scsaniolin 
B 


D/A 


- 


48 


DON 


Whtie 


821.3 


441.2 


0.537 




01 1 


DON 


While 


410.6 


441 .2 


0.537 




oJU 


BAN 


White 


522,7 


123.5 


0.236 




63 tt 


3UA 


While 


885.2 


476.5 


0.538 




643 


3 DO 


While 


464.0 , 


229.4 


0.494 




785 


3UO 


Yellow* 


453.3 L 


247.0 


0.545 






JliO 


Violet 


464.0 


317.6 


0.684 




0/3 


3UO 


Brown 


328.0 


264.6 


0.501 




1 OiC 

1 xO 


3UA 


Brown* 


682.7 


458.8 


0.672 




^Ul 


3ao 


III 1. 


502.5 


441.2 


0.878 


; 


601 


BAN 


Black 


314.3 


235.3 


0.749 


.1 


631 


3UA 


Black 


362.7 


229.4 


0.632 




BAN 


Black 


154.7 


152.9 


0.988 


■ 




BAN 


Black 


^93.3 


294.0 


1.002 




Mean 

SO 






490.6 
198.6 


300.4 
113.6 




1 




B. Svsamui, 1*1, Sc\u*nulinui, und Scsaminot {m^/ !00 g) 










IM 


Sesamolinol 


Sesan>inot 


Total 




Strain no. 


Sesamol 


(.->) 


(b) 


(c) (a) + (b) + (c) 




48 


2.0 


1.6 


1.0 


1.4 . 


4.0 




611 


2.5 


1.3 


UO 


l.O 


3.3 




630 


2.5 


2.3 


0.9 


0.3 


3.5 


V 


638 


ND 


2.V 


LI 


'1.0 


5.0 




643 


5.0 


2.0 


1.1 


1.0 


4.1 


785 


Trace 


2.0 


0.9 


0.3 


3.2 




673 


2.5 


1.8 


1.5 


1.1 


4.4 




675 


Trace 


3.8 


0.6 


0.7 


5.1 




126 


4.0 


2.9 


1.2 


1.0 


4.2 


i 

i 


201 


3.6 


2.5 


1.2 


1.1 


4.7 


601 


lO.B 


1.6 


1.9 


1.1 


4.6 




631 


2.5 


1.5 


0.8 


0.5 


2.8 




7*^2 


4.*; 


1.5 


0.9 


0.9 


3.3 




80i . 


6.5 


1.6 


1.1 


1.2 


3.9 




Mean 


3.4 

._2.9 


2.1 
0.7 


1.1 

0.3 


0.9 

"0.3 ■ ■ 


4.0 
0.7 





'Strain and type; Kef. I. p. 13. 

''Yellow: liithi yellow; violci: liithi violci; brown: dark brown.. 
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shown in Tabic 7.B (36), the contents of these antioxidaiivc h'gnans (free phenol , 
form) in sesame seed were very small as compared, with sesamin. 

Because antioxidativc activity was developed by treatment of defatted sesame 
cake with ^-glucosidase, Osawa» Kaisuzaki ct al. (40-42) looked for water-soluble 
and potential antioxidativc lignans in sesame seeds. These new dlglucosides and 
one new triglucoside of pinorcsinoi (Fig. 1) and three new glucosidcs of sesaminol 
were isolated by high-pressure liquid chromatography (HPLC), and structures 
of their aglycone and sugar moieties were determined by gas chromatography- 
"mass spectroscopy (GC-MS), and liquid chromatography-mass spectroscopy 
(LC-MS) analyses as described later (43). 



Other Minor Components 

Sesame lipids contain traces of triterpencs and steroids* though in lesser amounts 
than present in corn. Kamal-Eldin ei al. (44) compared various chromatographic 
methods for separation and quantification of sesame lignans, tocopherols^ and 
sterols in Scsatnmn inc/iu/n L. and three wild species. From the unsaponifiablcs 
of liic oils, campcsterol, siigm;isicrol, sitosterol, and A* avenasterol as the major 
desmcthyl sterols, and obtusifoliol, gramisterol, cycloeueaJenoU and citrostandie- 
nol as monomethyl sterols were determined (44). 

Contents of phytic acid and oxalic ncid are higher than in other oil sources 
(45). Phytic acid that is combined with Zn is regarded to cause Zn deficiency. 
Ca, Mg, and metal phytates serve as antioxidant. Oxalic acid is said to be pres* 
cnt as the calcium salt. 

The oil from roasted sesame oil sometimes forms precipitates during the clor- 
ification process. Analysis of the precipitates indicated that the main constituents 
are dicarboxylic acids, mostly oclaeosancdioic acid and four others which are 
seldom found in vegetable oils (46). Sterylglycosides (isofuco-, campe-, stigma-, 
and sito-steryl) were also identified as minor constituents. The dicarboxylic acids 
;uid sterylglycosides in the roasted sesame oil were present at 0.5^/o and 700 ppm» 
respectively, and 0-l5(X) ppm and l-3(X) ppm in commercial sesame oil, respec- 
tively (47). 

it has also been reported that a hair root culture of sesame {Scsamum indi- 
cum L.), which had been esiabiished by transformation of the mother plant 
with A^ronobuctcrium rhizogencs ATCC 15834, produced a significant amount 
of I he antimicrobial conipomul 2-i.sopropcnylnaphlhazarin-2,3 epoxide (over 
50-roid that found in the mother plant), as well as two new amhraquinone deriva- 
tives (48). 

Recent phyiochemieal investigations of Sesamum species havc^shown the 
presence of a iridoid^^lycosidc (49). phenyleihanoid glycoside (50jf and triterpc- 
noids (51). Suzuki et al. (52), by using various chromatographic methods fol- 
lowed by nuclear magnetic resonance (NMR) and MS analyses, isolated and. 
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?from water cxlracts ol* whole plauib of ScMmium indicum, eiglu phenyl- 
oici|gl>^cosid^^^ iwo new ones and iliiee iriglycosidcs which- had 

fc^tical. sugar sequence. 



JEMISTHY AND PKODUCTl ION 

fiUs'high oil conicnt in sesame, sesame oil i;puld readily be produced 
„. •^'^nmilivc lechniqucs of using pressurized sieam or by expressing oil 
j^oastcd'scsamc seeds. In modern indusiry, ihc us*- of cxpcllcrs is almosi 
yersd" although small hydraulic presses are somci lines used. A modern expeilcr 
j^oducc about 40-50 i/day. A small hydraulic press produces only about 
^g/jday, bul it is said lo produce a higl)cr-tiiialiiy oil (1). 
,wp^d^^^^ types or sesame oil are produced: oi;e is Trona roasted seed; and 
other, from seed cooked with sicam (Fig. 3). The former (roasted sesame 
•is^lassificd according to roasting temperature and time of roast (e.g., i*^0**- 
^**jTl'60**-180% and about 200*'C; from several minutes to 10-30 min). 'Fhe 
*Ued oil is simply niicrcd without further purification. Us color ranges from 
_t: to dark brown and it has a characteristic roasted tlavor, the intensity dc- 
iidlng on the roasting conditions. 

"hcjatter (unroasled or raw sesame oil. also called sesame salad oil) is iur- 
i^^^occsscd by dcgumming, alkali washing, water washing, dccolorizalion, 
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figure J. Production of ic^ainc oil. 
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B«^C^^^^^ were isolalcd and idenliriccl: pinorcsi«oK4'-0-/^-D- 

S^yranosyK 1 -6)-i3-D-glucopyranosidc. pinorcsinol-4'-0-/3-D-glucopyran- 
l?l-2)-i3-D-glucopyraiiosidc. and pinurcsiiiol 4'.0-/3:D-gIucopyranosyKl- 
^'[/3-D-glucopyrano:iidc(l-6)l-/:^'D-giucosidc. and one known pinorcsmol 
'i3.D-glucopyrano:iidc. The ihrcc new producis showed aniioxjdalivc ucuvnics 
Unolcic acid auioxidaiion system as well as in the r-butyl hydroperoxide 
ccd pcroxidaiion of cryihrocyic ghosl nienU>rane syslcni (105). 
icsc invcsiiguiors have also idcniiricd ihrec new glucosidcs of scsaminol m 
nc seeds: sesaminol 2'-0-i:i-D-glucopyranoside. scsaminol 2'-0-/3-D-gluco- 
^^yl^l^_2)-2-o^ucopyrano?;idc, and scsaminol l^O-Z^-D^glucopyrano- 

gacred as poicniial onuoxidanis lo dc\'clop ihc aaiviiy by aaion of i^-glucosidasc. 

f/Jntioxidaiivc Substances in Black Seed - . 

lording to tradition, black sesame is more effective as a health food than 
J.\ or brown sesame seeds, but no chemical or physiological studies have been 
Stluctcd to confirm this belief. 

INo significant differences in amino acid composition were found between 
uiack and white scsairie seeds (101). Tashiro ci al. (19) reported that signiricani 
^^(fcrcnccs exist in their oil and lignan contents. The black-sccdcd strains had 
^ighcr percentage of hull and a lower percentage of oil than did the whitc- 
*Td'brown-sceded strains. , . 

f^j^Bccause of the traditional belief that black sesame has a superior aniiogmg 
Effect. Fukuda ci ah (102) examined the aniioxidative activities of the extracts 
[from ijlack seeds and their fractions, and they compared similar mo.ienals ob- 
^{jdncd from whlie seeds. Tlvcy studied black and white seeds of 14 domestic strains, 
iTtic antioxidative activities of SQ^q cthanol extracts from crushed black and 
Ivihite seeds were not significantly dil'fercnt aitliougn the black seeds seemed to 
Iwvc more activity tlvan the white. The water extracts of seed coats from 10 dif- 
&t strains were examined (4 black. 2 browa» and 4 white). All of the black 
brown strains showed strong antioxidant activity, but only 1 m 4 of the white 
Seeds showed any activity. 
^Btoc black pigment in the coat (hull) was more soluble in distilled water than 
i fl^'cthanol or cliloroform and appeared to be a tannin. This black pigment, when 
fj^omatographed. showed several peaks, and two of these cxliibucd marked anti- 
Mdativc properties (102). 

lAjitioxidaiivc Substances in Cell Culture of Sesame 

feura ct al. (103) produced antioxidaiivc products by cell culture of sesame. 
fCaUus cells were induced from stems, leaves, and root cells from sprouts from 
afsesamc plants, with use of a modified Murashigc-SkooB medium. Cells were 
fsiicccssfully cultured from sesame callus cells in a similar liquid medium. It was 
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Rntioxidativk activity of sesame in vivo 

K^/mcmibncd-carlicr, an ancient Chinese natural hiMory book reported that 
^bitual ingestion of sesame prevents problems associated with aging, Based on 
Kurxhemical knowledge of ihe highly aniioxidaiive properties of sesame seeds 
land oil» we examined the antioxidative and aniiaging effects of sesame seeds, 
roil, and antioxidative lignans in vivo. 

pifect of Sesame on Senescence of Mice 

Jin experiments studying the effect of sesame on sencsc-ncc, wc used scncsccncc- 
laccelcratQd mice (SAM) developed by Takcda ci al. at Kyoto University (106). 
llTjcir original strain is an AKR strain of mice. The R series are scncsccncc-resistant 
fniicc with a normal aging process. The P scries arc a specific type of SAM. P/1 
Imicc were used in our experiments. The SAM showed characteristic symptoms 
fef senescence in behavior and appearance, that is. loss of activity, lack of hair 
fglossiness. skin coarseness, and most typically pcriopluhalmic lesions. Some 
Ipathologicul changes were also observed, such as inllaimned tissues and amy- 
lloidosis. The degree of senescence in mice was evaluated according to a grading 
>*$ystcm developed by Takeda et al. (106). 

? Changes in SAM senescence scores during long-term feeding with cither a stan- 
Idard diet or a diet containing 20''/o black sesame powder are shown m Figiirc 7 
F(107) With the standard diet, every measure of senescence increased after aboiit 
e4.5 months, but In ihc cose of the sesame diet, increases were slow and suppressed. 
^(^)cdaU>' u-iih res^vcci lo pcriophlhalmic Jc:vions. hair .ckv.^ncss, and iim coa^ 
&cs.'Ttoroverair appcannw-ev-as-quihr cvr*cc:i ac>;rc»osix>tf?Sj. Amar 

feTmonths, the levels of lipofuscin. a pigment related to aging, were slightly sup- 
Ecd in SAM liver and testes. The SOD activity ir. the l.ver was clearly m- 
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Figure 7. Effect of sesame on senescence score-pf SAiy^.;SAM groups were .fed. for 7 . months, 
wiih ihc standard diet {AIN-76) (control) and a diet conlftining 20*7© black sesame powder (• — •), 
Protein and fai contents in these diets were adjusted to the same levcL Each score has fivegrades* 
from 0 to 4 (108). 



creased in the SAM fed black sesame, though the levels of plasma thioborbituric 
acid-rcactivc substance (TBARS) did not differ significantly. . 

The suppressive effect on SAM senescence was also observed v^itb the addi- 
tion of scsaminol, the new aiuioxidani isolated from unroastcd sesame oil, to a. 
50^0 vitamin E-deficicni diet (107). In the effect of scsaminpl on lipid peroxida- 
tion of SAM, no signincani suppression of TBARS values in liyer or kidney 
was observed when scsaminol was added to a diet containing enough vitamin E, 
but in the vitamin E-deficicnt diet, ihis ingredient apparently suppressed any 
increase in TBARS. The suppressive effect of sesaminol on in vivo lipid peroxi-. 
dation was also observed in the increase of liver TBARS levels when CCU was 
administered to rats (107, 108).^ ../ i: . . 



Synergistic Kffcct of Sesame und Us Uununs on 7-Tocophcrol 

The fact that sesame and .scsaminol suppressed senescence of SAM as well as 
lipid peroxidation in vivo !cd us 10 ask whether one principal component is re- 
sponsible for the suppressing effect or whether it is'the rcsulrDf ihc combined 
activity of scvcral components. 
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^r: Viiamiii E is recognized as a Tood coinponenl thai may have an aniiaging cf- 
Jj.fcci (I09)» because of its amioxidaiivc aciiviiy. In niosi foods, a-iocophcrol is 

major isomer in vitamin 13. and 7-(oco|>herol is only 6-16% as aciivc as 
j|kocophcrol (1 JO), even though it has stronger amioxidaiivc aciiviiy than or-ioco- 
Iphcroi m in vitro (111). The tocopherol of sesame seed is prcdominanily 7-ioco- 
:.;phcroU wiih only trace amounts of u-iocop)icroi (2ii). which mc.xn$ that sesame 
^should be poor in viianun E activity. 

?fin order to clariiy this, ilie vitamin 13 etTcci of sesame was compared wiih 
thai of a-iocopherol and 7-iocopherol (112). in this study, the control rats were 
^fcd for 8 weeks a vitamin E-frcc diei. The test groups were fed ihc same vitamin 
}jE:frcc dici plus a-tocophcrol. 7-tocophcroI, scsan)c, and scsaniinol. Lipid pcroxi- 
;::dtilion (plasma and liver T13ARS values), oxidative licmolysis, and plasma py- 
|ruvatc kmasc activity were determined as indices of vitamin E siatus". As shown 
''jin Figure 8. the peroxide concentrations of plasma and liver were greater in ihc 
^vitamin E-frcc conirol than in ihe + a-iocophcrol group. The 7-tocdphcror 
igroup showed significantly higher peroxide concenirations than did ihc -h a- 
tocopherol group, and the + sesame group had cunccniraiions as ibw'as those 
|of,lhc a-iocophcrol group. Pyruvate kinase activities were similar to the peroxide 
Iconccntruiions. The most significant difference was observed in red cell hcmo- 
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. Effect of sesame seed on lipid peroxides in plasma and liver, red blood cell hcmo- 
lyiij, and plasma pyruvate kinase activity. The contcni ufi.- or >-iocophcrol in Ihc u- or 7.101:0. 
j^crol-conialnhig diet was adjusted 10 equal ihai of -y-iocopherol in ihc icsame seed diet 
ffig/kg). Lipid peroxide concentrations v^crc measured by the ihiobarbiluric acid method, and 
|j«noly$is test wus performed using dialuric acid. Values arc means x SEM, /i « 6. Values with 
{fiffcrcni superscripts ure slgnificaiuly differcni,/i < 0.05. MOA • malondialdehydc; TUARS - 
Ibiobarbiluric acid-reactive substance. 
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lysis. The + 7-tocopherol group only weakly suppressed the increase of the 
hemolysis, whereas in the sesame fed groups, hemolysis was almost. completely 
suppressed as in the group wliich was fed cr-tocppheroi, despite the fact that 
sesame contains only a negligible amount of a-locopherol. 

In these experiments, wc found that plasma and liver concentrations or a- 
tocopherol in rats were only high in the + a-tocophcrol fed group; the conccn* 
trations of 7-tocophcrol were substantial only in the sesame seed-fed group, and 
were very low in the + 7-tocopherol group, although the sesame diet and + 7- 
tocopherol diet contained equal amounts of 7-locopheroL These results sug- 
gested the presence of some components in sesame that cause an increase of 
7-iocopheror concentrations in plasma and liver, presumably resulting in the 
prevention of increase in TI3ARS and other indices caused by a vitamin E-frcc 
diet (112). 

Bxperiments were tliereforo conducted on the vitamin E-free diets and similar 
diets including -f- 7-tocophcrol and sesame li^^nans, that is, scsaminol or scsa- 
min. As shown in Figure 9, the combination of 7-tocopherol + lignans, espe- 
cially scsaminol, picvcnicd an increase in the indices of vitamin E deficiency, 
results similar to those obtained on an E-frec diet by the addition of a-tocophcrol 
or sesame. In addition^ 7-iocopherol concentrations in plasma and liver wore 
also observed as in the case of sesame groupl The antioxidant scsaminol is 
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Hjcure V. Syiicrgisiic effcci uT .NCN;iinc ligtiaus vvi(lr7-iocophcrol 011 lipid peroxides in plasma 
and livcr« red blood celt lieinolyMx, and pl:i.\nta pyruvate kina.sc aciiviiy. 30 nig or 7-tocophcrol/ 
kg wa!k added 10 the tocopherol-coniainiiig diets and 2 g scsaminol or .sc.Namin/kg was added to 
tlic .sesame lignan-coniaining diets. Values arc means ± Sl:M, /i - §t» Vatitcs. w.Oli different super- 
scripts arc significanUy dirfcrcni. < 0.03. Ml^A a malondialdchydc; rilARS » thiobarbituric 
acid-rcaciivc subMancc. 
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superior to non-atuioxidani iignan scsaiutn in ihis regard. Ii may be thai the 
synergistic cn'cct of sesame lignans may result in enliancing il)c viiamin E aciiviiy 
of 7-tocophcrol and us a result prevent lipid peroxiduiion in vivo^ and may also 
contribute to the preventive effects of sesame on lipid peroxidation in vivo and 
thereafter on senescence in SAM. 

The mechanism of this interesting synergistic efreci oflignans is not yet clear 
but may be due to their action on the metabolism of 7-locopherol. The. weak 
vitamin E activity of 7-tocophcrol can be assumed to be caused by weaker bond- 
ing activity to transporting proieins in blood and cellular membranes in the. liver 
than thai for tr-tocopherol. 

Synergistic EffceC of Sesumc Lignuns on a-Tucuplierul 

Studies on the synergistic effect of sesame lignans on vitamin E activity of 7- 
tocophcrol led to finding a marked enhancing effect of sesame lignans. on vita- 
min E activity of a-toeophcrol. In experiments similar to those described above 
for determining vitamin E activity, it was demonstrated that the rat group fed 
a reduced amount of a-tocopherol (1/5 to the standard + E control group) showed 
a marked increase in the lipid peroxidation in vivo, but that increase was.com- 
plctcly suppressed by the addition of S^Vo of sesame in the diet. Addition of sesa- 
niinol or sesamin instead of sesame also produced a marked enhancement of 
vitamin E activity in the same manner, although sesaminoi» a strong antioxi- 
dtmt, was more effective than scsumin. In these experiments it was observed that 
the addition of sesame as well as its lignans resulted in high tocophcrolxonccn- 
trations in biood and liver. This might produce high viiamin E activiiy;and pre- 
vent an increase in lipid peroxidation. The details of this enhancing mechanism 
are not. yet understood (113). * ' * ■»^^ " ■ • 

The novel enhancing effect of sesame lignans, especially amioxidative lignan, 
on the vitamin E activity of tocopherols brings new problems to the evaluation 
of various foods containing sesame seeds and oil. For example* if ^wcrhavc a soy- 
bean paste containing sesame seed paste, or if we eat some. fish. or vegetables 
fried with sesame oil, the enhancing effect of the sesame lignans^on vitamin E 
activity of the tocopherols ia these foods will give a higher vitamin E value be- 
cause of the synergistic effect of the lignans. This enhancing effect may neces- 
sitate assigning a higher value of vitamin E activity assigned to these foods based 
simply on tocopherol concentrations. 



OTHEK PHYSIOLOGICAL EFFECTS OF SKSAMK LIGNANS 

Effect of Sesumc Llgnuns on Linolcie Acid Mctubolism 
and Eicosunuid Produclion 

Highly unsaturated fatty acids, such as arachidonic acid» dihomo-7-linplenic 
acid, and eicosapentanoic acid (EPA) have important biological functions^ in 
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3-Sorios PG 
5-Sorios LT 



2-Sofk)a PG 
4-Sofloa LT 



tigure iO, Dcsaturation and elongation of polyunsaturated faiiy acid$» and the production of 
cicosanoids. 

particular as precursors of prostaglandins, Figure 10. To develop large-scale, 
production of these unsaturated fatly acids. using a microbiological procedures^ 
the Yamada and Shimizu groups (114; 415) screened various microorganisms 
and found that fungal mycelia are rich sources of these fatty acids* There is an 
especially high yield of arachidonic acid with Moritiereila aipina lS-4 (1 14) and 
of EPA with M. aipina 20-17 (1 15). They also found that incubation with sesame 
oil specifically increased the dihomo-7-linolenic acid (20:3/i-6) content and de- 
creased in the arachidonic acid content (116). This interesting effect of sesame 
oil was dcn)oiisiraicd to be caused by the specific hihibiting activity of sesamin 
and other tignans present in sesame on the ^5-desaturasc in polyunsaturated 
fatty acid biosynthesis in microorganisms, as shown in Table. 14 (1 17). 

Tlus fact is of particular interest to those studying the rrietabolism of poly- 
unsaturated fatty acids in animals because different cicosanoids affect distinct, 
biological functions. Sugano ct ah (118) demonstrated that scsamin interferes 
with A5-dcsaturaiion even in liver microsomes, which results in considerable 
modification of the fatty acid profile of liver phospholipids. The proportion of . 
//-6 eicosatrienoic acids increased when animals were fed scsamin. Sesamin also 
tended to decrease the plasma concentration of PGE, (11 9). . However, no inr 
llucncc on the aortic production of prostacyclin nor on the production of throm- 
boxane Aa by platelets was observed (118). 

Tlic specific inhibition of ^5-dcsatura.sc and chain elongation of C,a fatty acids 
by scsamin, especially in /;-6 polyunsaturated fatty acid biosynthesis, was also 
observed in rat primary cultured hepatocytcs (120). 

llypocholcslcrolcmic Activity of .Scsumhi and Mcchunism of Action 

Sugano ct al. (119) also reported on the hypocholcsierolic activity of sesamin. 

As shown in Table 15, scsan)in reduced blood cholesterol levels of rats which 
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7o&/« y*/. specific Inhibition of l-ungal and Ka[ Liver ^5 Dc^aiurascs by Scsa* 
niin^KcIaicJ Cinnpound-s** 

Ocsaliira^c aciiviiy (pniol/niin/ntg protein) 
A/, uif iinu _ K at live r 

^9 ^iC 



Compound 
added 



^5 



A5 



Scsamin 


10.5 


9.27 


19.1 


2. HO 


34.9 


16.4 


71.8 


Episcsamin 


10.3 


8.40 


18.2 


5.20 


36.1 


17.5 


92.1 


Scsaniinol 


lO.I 


tf.37 


18.4 


4:67 


36.0 


15.4 


87.9 


Scsamolin 


9.93 


8.77 


17.7 


3.97 


37.7 


18.6 


86.6 


Scsamol 


9.86 


8.10 


17.2 


16.8 


. 34.3 


14.7 


114 



"Dcsaluru^c uctiviiio were mruj^urcd uk described in Kef. 117 cxccpi lliui each of the inJt- 
eaicd coinpuunUk was uddcd and incubutiuns with ttic liver niiciusontc^ were carried out I'ur 30 
mtn. All the compounds were present at 28 or 85 >iM in the reaction mixtures with A/, aipina^ 
extract or rat liver nticrosonies, respectively. Values are means of three independent assays (^tan-, 
durd deviation, wiihin-j. 7"/b>. - 



were fed a purified diei or commercial chow irrcspeciivc of dietary cholesterol. ' 
Sc3amin also reduced the concentration of liver cholesterol* especially in diets - 
containing cholesterol. Further studies showed that sesamin increased fecal cx« 
cretion of neutral steroids but did not show any effect on excretion of- acidic^ 
steroids and bile acids. This phenomenon may b*^ due to the inhibition of in- 
testinal absorption of cholesterol by scsamin. in addition, it was also found thai - 



TabU 15. liffcci of Scsanun on ihc Concciuraiion of Scrum and Liver Chol- 
esterol in Huts" 



Group 


Serum 
cholesterol 
(mg/dD* 


Liver 
cholesterol 
(mg/UL)* 


Expcrinieni with purified diet 
















Cholesterol- free diet 


108 




4 a 


2.54 


± 


0.13 


a 


Cholcstcrol-frcc diet + 0.5% scsamin 


110 




5 u 


1.95 


X 


0.06 


b 


Cholesterol diet 


136 




8 b 


20.8 


± 


2.2 c 




Cholesterol diet 0.5% scsainia 


102 


± 


5 a 


9.13 


X 


1.02 


d 


Experiment with connnerclal chow 
















Choleslerol-frce diet 


69.1.^1: 


5.2 a 


2.86 


X 


0.19 


a 


CholesleroNfrce 0.5% scsamin 


55.5 


•i: 


3.0 h 


1.82 


X 


0.&4 


b 
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sesamtn reduced the activity of hepatic 3-hydroxy-3»methylglutaryl CoA reduc- 
tase, the key enzyme in the cholesterol synthesis. However, it did nor influence 
bile acid synthesis as estimated from the cholesterol 7a-hydroxylasc in liver mi- 
crosome (1 18). Tliese results indicate a unique function of sesamin on cholesterol 
dynamics because there Is no other compound:that simoUancously inhibits both 
cholesterol absorption and synthesis. Thisimcansuhat sesamin can serve. as an 
efficient natural hypocholcstcrolcmic agent » and clinical trials are currently un- 
derv/ay. Significant reduction in lymphatic .cholesterol and fatty acids in rats 
fed a 2AVq sesame oil diet compared witH coconui oil and corn oil has also been 
reported (121). In this report a probable effect of- the diffprent sterols in these 
oil.s has been noted. However, ba.scd onahe.aboye experiments, it may be due 
to the hypocholesterolemic effect of sesame: lignans. 

Preventive Effect of Scsumin on Chemicaliy Induced Mammary Cancer 



The liver activating and antioxidant activitips oJ.sesamin led to. the belief that 
sesamin might be a potcniiai anticarcinogen,,Sugano ct al. (122) examined the 
effect of sesamin on 7, 12-dimcthyiben:t-(«):anthraccne-induced rat mammary 
cancers, and found that sesamin at the. dietary Jc.vel of 0.2% considerably re- 
duced the cumulative number and the mean, number of mammary cancers as 
compared to controls, Figure 11 (122). . 
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Figure I J. li rfcci of sesamin on cliciiucuily induced mammary cancer in rats. Values arc means 
i: SE of 13 rais per group. Lines hearing dirfcrcni letters ore significantly.differcnl olp < 0.03. 
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Tabu J6, Effcci of Scsuiniu on Scrum Chcmisirics nnU Liver Histology in Mice Receiving Con- 
tinuous Inhalation of Uthunol" 



Scrum chciuisiricN 



Group 



Control 
Ethanol 

lithanol scsaintn 



TotuI 
bilirubin 
(ing/dL) 

0.47 ±0.15 
1.61 :t l.32» 
0.41 :t O.CM* 



cor 

acliviiy 
(IU/1.) 

150 ± 76 
312 :t 204' 
81.6 ± 15. 4»*' 



CPT 
activily 
(^U/l.) 

26.1 X 7.8 
39.6 X 31.9 
18.3 ± 1.6» 



Fat droplets in 

J.0 
3,5 
1.8 



'Values arc means ± SU of 7 mice. 

^Uvers with no lipid droplets oiid a lorgc number of lipid panicles in the lobules were given a score of I 
and 4» respectively. . 

V < 0.03, < 0.01 vs. cilianol group; V < 0.05 vs. coitirol Kinup. 



Effect of Sc5umln on Liver Functions 

Rats fed a diet containing scsamin at levels above 0.5<7o frequency showcd»cn- 
iargcmcnt of ihc liver » although no abnormal tissue changes were observed (118).: 
The activity of scrum GOT and GP.T remained unchanged, but. some enzyme 
• activities seemed to be enhanced by scsamin. In fact, as, shown in Table i6»;Slud- 
ies in which mice fed a diet containing sesainin were exposed lo high.conccnira-- 
tion of carbon tetrachloride or ethanoi showed an improvement in liver. function 
as estimated from aminotransferase activity, and concentrations of. total chol-: 
cstcrol- triglycerides » cuid total bilirubin in blood (123). Subscqucni studies showed 
that rats previously given scsamin reduced their plasma alcohols levels more- 
rapidly than the control rats. This interesting effect of scsamin was further ex- 
amined in human trials. A group of male adults moderately deficient in aldehyde 
dehydrogenase were given scsamin (100 mg/day for 7 days) or a placebo. They 
were then given a drink of whiskey equivalent to 60 mL of alcohol. The- skin 
temperature was monitored by an infrared camera. The temperature of all the 
subjects* faces rose rapidly, reached a peak, and then fell gradually. There was 
a significant difference in the rate of reduction of blood eihanol level between 
groups receiving sesannn or a placebo. Based pn these observations* idroplets 
containing scsamin and a-tocophcrol arc being commercially distributed in Japan. 



CONCLUDING HLMARKS 

Sesame has long been regarded as a health food which increases energy and pre- 
vents aging. Sesame oil as a cooking oil has been known empirically as being, 
highly resistant to oxidative deterioration in comparison with other edible oils. 
To explain the antioxidativc stability of sesame oil» Olcott et al.» in 1941 (87)» 
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and Dudowski ct al., in 1950 (88). cilcd ihc presence of scsamol and its effective ' 
aniioxidaiive activity, but the reasons for the superior antioxidativc activity rc^ 
niained unclear. Chemical studies on sesame lignans as a characteristic minor 
component were developed by Budowski in 1951 (56)» Bcroza in 1956 (94), and 
others; but little was known about ihc physiological acti^vltlcs of scsamo llgnant 
except for the synergistic ciTcct of sesamin on pyrcthririe insecticides and some 
other physicopathological effects (56). . • 

The author and members of his group initiated studies on the chemical elu- 
cidation of antioxidativc principles of sesame seed and oil. and extensively in- 
vestigated the physiological explanation of the anliaging effect of sesame in re- 
lation to Ihc strong antioxidativc activity, i^resence of various antioxidativc 
components involving new antioxidativc Jignan phenol compounds in sesame 
seed and oil was elucidated by Osawa. Fukuda» and others in 1985 (91). Scsaminol 
was identified as a new aniioxidative principle in raw sesame salad oil, with its 
interesting formation via an intermolecular rearrangement from sesomoiin in 
the deeolorization process. A better understanding of the mechanism of the 
superior aniioxidative activity of roasted sesame oil is emerging that is consistent 
with the synergistic effect of the browning products with tocopherol, sesamol, 
and sesamin. 

Noticeable results concerning the antiaging effect of sesame have been shown 
in a series of animal experiments conducted by Yomashiia and Namiki in 1990 
(107). With senescence accelerated mice (SAM), long-term feeding of sesame as 
well as its antioxidativc lignans demonstrated the effectiveness of these com- 
pounds in suppressing senescence. The studies were developed to look for the 
novel synergistic effect of sesanie lignans to tocopherols in their vitamin E ac- 
tivities. The addition of sesame lignans, especially thai of antioxidativc lignan 
scsaminol in the diets of rats» markedly enhanced vitamin E activity of 7-toco- 
pherol to the same level of a-tocopherol, and also significantly enhanced the 
vitamin E activity of a-iocophcrol. These effcctsSvere accompanied by a marked 
increase in the concentration of these tocopherols in blood and liver. The en- 
hancement of vitamin E activity by lignans is very important in evaiuating.vita- 
min E activity as well as ihc anliaging effect of various, foods. 

Other interesting physiological cffecis of sesame lignans have been developed 
from the studies on microbial production of polyunsaturated fatty acids con- 
ducted by Yamada, Shimizu ct al. in 1988 (115).* It was found that sesame lig- 
nans specifically inhibit A5 dcsaturasc in the process of formation of arachidonic 
acid from linolcic acid. This was also demonstrated in animal experiments by 
Sugano el al.. in 1990 (118). Various interesting physiological activities of ses- 
ame lignans in animal and human tests were shown, such as hypocholesterolemic 
aciivity, suppressive aciiviiy of clicmically induced cancc/. and enhancing effect 
on various liver activities involving detoxication of carbon tetrachloride and 
ethanol. 
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These recent dcvclopnicius in chemical and physiological studies on sesame 
seed and oil seem to parlly unveil ihc inysicry surroun ding sesame, though there 
remain many interesting physiological activities in various aspects of advanced 
nutritional and physiological sciences which need to be clarified. 

Future studies should rGCM> on the physiological activities of Ugnans. Bio- 
chemical investigations should be on: 

1. The metabolism of lignans in the liver and the inieractioins with some en- 
zymcs» proteins, and cell membrane constituents 

2. The mechanism of the suppression of oxidative damage /// vivo in combina- 
tion with tocopherols 

3* The effect of aniioxidativc lignans on various diseases assumed to be caused 
by oxidative stress 

4. The correlation between chemical structure and physiological activities of 
lignans involving various other compounds, etc. . ■ j .?•: . . 

Studies arc needed on lignans Trom plant physiological aspects: 

1. On biosynthesis of lignans, especially of scsamolin, which has a character- 
istic acctal structure and a potential component, to produce scsaminoL 

2. On gene technological investigations to improve production of Ugnan's» not- 
only in quantity but also in quality, to increase sesamolin and sesaminoi eon- 
tents . -.v.: . . 

3. On cell culture techniques for production of lignans and other useful met- 
aDoiites 

Recent studies on sesame demonstrate that sesame, though only a minor con- 
stituent of daily diets, plays an important role in developing the potential pow- 
ers of other food constituents and markedly raises food quality not pnlyjn tra- 
ditionally evaluated aroma and taste but also in nutritional and physiological 
aspects. The addition of sesame in any form to soybean foods, such as fcrrncnted 
soybean paste (miso), enhances vitamin E activity and makes the csscntial.ajnino 
acids nutritionally more available. 

Much attention has been focused on the effect of the daily dici on health, 
especially on circulatory disorders, carcinogenesis, and senility^ Because of ad- 
vances in this new field of elucidation of unknown physiological functionalities 
of various foods, the Ministry of Health and Welfare of Japan recently approved 
some foods lo be designated as "food for specified health use/'.Thc U.S. Na- 
tional Cancer Institute has also initiated a food program designed to show the 
functionalities of vegetable foods in the prevention of cancer. In view of these 
developments, sesame seed and oil should be considered as one of the most val- 
uable foods for good health and quality of life. 

An important consideration ai present is how to broaden and increase the 
utilization of this excellent health food on a worldwide scale. Annual production 
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of sesame is 2.500.000 tons (2.430.000 tons in 1992/ FAO); this is far smaller 
than other vegetable oil crops such as soybean oil, rapesced oil, and others* al- 
though it has been incrc-jsing gradually. About two thirds of the sesame crop 
was used in oil production and the other one third was used in various foods. At 
present, although sesame oil is widely used as cooking oil In the Orient, most 
usage of roasted oil is as a very precious seasoning oil. In Japan, however, roosted 
and unroasted sesame oils are used in frying and as a salad oil. Usage of sesame 
oil as frying and salad oils in the USA and Europe is also very small compared to 
other vegetable oils. The use of sesame oil for frying and as a salad oil. as well 
:ts an additive to other vegetable oils, sh.culd be encouraged. 

Consumption of sesame iced as food is closely related to food habits und the 
art of cooking. Throughout the world, sesame is'mostly utilized as a whole seed 
in condiments or as additives on breads, biscuits, and other cereal products. The 
seed has a fairly hard coat and is not easily digested and is therefore undesirable 
for general consumption. For sesame to be more digestible, it should be used as 
ground sesame or a paste. For more popular use of sesame, research in food 
science and technology should be initiated to improve its flavor and texture. 
Perhaps the variety of ways sesame is utilized in Japanese and Chinese cooking 
can be extended to other cuisines. 

In order to increase consumption of sesame, the economics of the production 
of sesame must be considered. The market price of sesame oil is considerably 
higher than those of other vegetable oils, probably because of low production 
of sesame seed. Research efforts should be made to improve varieties of sesame 
plants by genetics and by increasing yields by improved cultivation methods. The 
nutritional quality can be improved by increasing the concentration of the bene- 
ficial components. 
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^^ ~ yo> jbpah. Sesampl (reogpnt grade) was 
3i^a, Sl Louis, Missouri. Scsumolin und 
r^Bfc^^piirificd as reported previously* (6) mid their 
" R^jiP^ ^'^od by moss spoctromctry and proton 
^^"•^ TOspnahee(?iJ-NM acid was 

•tillaiion. Silica gel (BW 82b-H froni Fuji- 
msod for cblunm chroma togruphy. 
vmbnce liffuid chromatosraphy :UIPLC)l, 
^^^^rcd oil sample was injected ontb a 
coluriin; for. analyses of tocopherol 



others. The mixture of sesamin and cpisesamin and that 
of P3 and its opimeVs wpre separated using Develosil SI 
GO-5. with 8:2 and 7;3 (v/y) ij-hoxanc/cthyi acetate, 
respbctivly, OS solvents* 

77nVi layer chromatography (TLC). TLCi was, per- 
formed on a Merck 60F,»4 Silica-plotci; - V : • 

A ritioxidiUiuc. activity. The thibcyaha te methbd was 
einploycKi to measure the degree of pxidatibn of linoleic 
acid in the sample? as previously described^ (7K^ ■ 

I ns fru m cnts. Those used were o^ Hitbchi 200- 1 0 
Sjxscuometer for UV, JEOL JNMrlOC-200 
JNM-PtlOO for; moss spectra; JMiS-biSG^i f^ 

rplatibii. .. , «' .r- 

^soiati6h of antioxidants^ 

/unrdasi ted seed oi/^ Cona|iarisPn bf HPilC^ttb^ 
niii between bhido olid rtfiiicd- uiiir^ 
miidc to itiybstigiita cheniibiai ' MMfci:^ 
sesiimclin, scsariiol; btc. ^hpym ;in^;F 



5 



; (b)v 



6coorocrl . 

10) 




V4 




> 10 



line (n|n> • ; y 
FIG 1. A^mparifton or HPLC paifcru^ in crudo obd refiacd oils 
from unroai^tca sesame. Column. DevoiosU 10-PXpl$;i clucol. 
MrOI|.H,0 a:3); flow role. 3 ml/min: detector, UV 290 nm. 

— r- , Crude oil; • - - , rcnocd'oit U)» SesainoU (bV unkboWii; 

(c), (+^cuinitt; (d), unkoou'ii; lei, sesamoUni ' ^ - ^ 
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• differences were observed. From compurison of reten- 
tion times witii uut hemic sesuinin. sesuinolin lind 
sosumul. it wos concluded that peak (u) was sesumo). peak 
, (c) was scsumin and peak (e) wos scsuinolin. It wds also 
^ shown that some refining pro cess eliminated peak (o) and 
~* gavcriscjo seyer^ including; (b) m\d (d)rPi.iik (l>) 

"kq ^J u^Tciid ish ^pur plc" coloVw i t irfe"rric~c h loride'on " the 
__^rLC plate an d wu ^^consid'crcd to l>c'"'a "phenolic 

cbnf pound^ i - 
p 'The procedure adoptX>d for isolation and purification 
of the antioxidants from refined oil is outlined in Fi^rc 
2. The Traction of 9-1 (/i-hcxanc-EtOAc) silica gel 
chromatography was oily eluents including a siftall 
amount of r-tocopherol. The amount of solublu 
components in the more polar fractions beyond 7-3 
(rt-hcxane-EtOAc) silica gel chromatography was very 
small; hence, in this report the isolation of those 
fractions was not carried out. Fl was crystallized from 
methanol and identified as (4- Icpiscsawiin^fr^m the data 
of mass fragment ions. •H-NMR, optical. rotation and 
mp in comjiarison w ith the literature {8i9). The i-ctention 
time of Fi in liPLC agreed with that of lieiik (d) in 
Figure 1. F2 wos identified as {+)sesamiri by comparing 
with authentic (4r)scsamin and agreed with iha\, of peak^c) 
in Figure 1. F3 showed identical molecular formula and 
'H-NMIl chemical shifts of tho sosamin ohalbguo' i*3 
(CioHt.Oy) isolated from sesame, spcds (F3. was found to; 
bo identical U> P3). F'4 and F5 showed mpl wt and 
fragmontaUon peaks identical with those of P3, but 
showed differences in H-'2 xmd H-6 signals in the NMU 
spectra and in TLC Rf values (CIi[Cl>-Et,0. 9:1). Hence 
F4 and F5 ore assumed to bo epimcrica isomers of P3. 
The fact that cpiscscirhin was found in refined unroasted 
soed oil also supports P3 epixncrization. FG %vus 



Kellnrd UnronslrO Srsnnr Srril Ul I 



cktractlon.vlth hut McOH 



cooline owrrnlftht 
in • rre«scr(-:fO*C> 



identified, asr^scsamol dimor upon 

"spectrum ti 



the mol wt and • H-N MR ■spectrum*^ r^^* 
literature :(10K The confirmative studi^^* 



cpimcr. are under .way 

Identification of P3, 
•'Sesaminol/* has the 
370.3840. C 64.86%. H 4.90% 



P3, presently 
composition c i 
i 4.90%. found**U- 
64.90%. H 4.94%) and showed mp 130~J 3i 
C (c = 1.0, CHCla). absorption mdxa at 2.1ft 
(logc = 3.99 and 4.17) in the UV spectrum 
ions. 370 (MriOO%). 353 (22.6). 203 (43) 
(41.4). 135 (54.3). Though sesaminol 'sc^'^ 
sesamelin-type li^an from the moleculo^f** 
*li-NMR spectrum of sesaniinor was ver^^ 
that of (+ )sesamin. The »H-NMR spccthj^ ' 
and (+)sesamin is lis ted in Tabl6 1 (11). Tfie~ 
^(:-f)scsamin is appiirbntly eymmotncal in 
the 'H-NMH signals for H-l/H-5.' 
rncthylericchox^^ (5.92,/ s), . feut in^ ^g^;:^ 

spcctruni of scsajninol. tho sigricds fijt^'^^^ 
llr2/H-j5 wpiro almost identical .witH^tlVoS^^^^ 
mih, but feach of the mcthyleh^ ptoic^^ 
as sing;let^ at 5.96 (2H): &d :S^9T (2H)^^^^^ 
rd£^6h of sosa^^ in ^ddi.Uoib t^^^^^ 

sebh in the (+)50siunin spocU^ 
1 .3t4-trisubstituted ring, two; sihglbts at^i^^> 
supporting the fine coupling duo to pani-^ 
This 2\5'*plocomont. two singlets of nibi 
protons,' producUon; 9^^^^^ 
(MM 12) oh acctylatiori wi th adetie 
py rizinc. and ppsi ti vb reaction with f4 
confirmed the stmcturp of sbsa^ 
THc position pf thp aion^ 
X-tay analysis bt bbM of $esairuh6i 
stereochemistry pf scscmodi^^ 
be pubUshed olsow > — : / 

^ndiysis of lifinahs ^nd: tocopherol in Uhr 
bit xiu ring p^rpc^ssing^' Ref inmg prpci^ajc||* 
Uiirpastedv s ar£, as foUows::^ alkfiJif^ 

waisliin^; bicachlng : with acid clay, im 
The amounts of . th^^^^ 



prcclpltBLr 



•upcrnatani 



( oil ) 










c h r vmat w§ r n j»liy 




n-h«*anr-ttOAr- 




9:1 ta 7:3 



(rscilon 



(oil) 



(race tun 



TLC 



fractlwa 



TLC (cmri |.i:t ,u. ^nhy' 



I I 1 - 

K( O.ttS O.DO 0.41 U.M 

iri) . (r2) CO) ut) 



TLC (i»-h«»«ne«LiOAc» 3:;) 




Kl 0.60 

l»i) 



ri s ■ ('•}epl-ti*ftMin. tli {-»)»*ftAfl:tfk. 



KD: lO, 



FIG. 2. Scbcroc for .Jsolalion. of antioxidiinls- froiu rcfi:>cci 
unroasted scsomc seed oiL 

JAQCS, Vol <5it3. fx>; 6 (AuQ^^^ 



( I ) R= H (+)Sesamln 

(II) R==QH P3 



FIG. 3. Cbcmicul structure of F3 and (+;leMiniio. 
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Amount of Unnanu and Tocopherol in U&roostcd Scsomo Sccti Oil During Rcfmiog 
ProccBH {niK/100 K Oil) 

Oil no." (+)Soaa- (+)Epi* i>u5ajix>lm Scsmnol So$ammol Kpbcsu- rTooo- 
-min BO»ojmn (iLsdimcr) . (P3} nimol phorol 



1 


tfl3.3 


0 


610.0 


4.3 


0 ^ 


0 


— 


2 . 


730.6 


0 


4&8.0 


(0) 
2.6 


0 


0 


23:4 


3 


G77.8 


0 


.424.8 


0.7. 
tO) 


0 


0 


2Z6 


4 




277.6 


0 


46.3 
(UDce) 


33.9 


48.0 


21,8 


&: 


258^ ; 


102.G 


0 


1.7 


28.4 . 


34,3 


18,4 



'^IV cni^p; ,2, 3. >'ashcd with warm wotor; 4/ bloachod: &, dbodorizpd^ * 

-AmounU of'ahtibxidd^ soviimia and cpisosomui were analyzed by HPLC as de5Chl>ed 



Ai^oii&i of S^^^^ Tocopherol to. bU£er«Di Commercial 



Cen^orciiiil 


Sesanunol . 




Total 


f-Toco- 


. aoaanuir oU- . 




oo8ani(noI 


eosamihbl 


phbrol 




61.2 


. . 8i.6 


142.8 


26.6 






7(i:6 


. . 134^2 


2D;3 








.1218 


26.2 




17:9^ 


• ■• .-23:d/ ■■■ 


' 41.8 


23.5 




■-i-^2.2^'''-:' 




.121:8 


Dd.. 


F 


- ,6;6 ^ 


■ 8^8 


16.8 


' tud. 



Amount of o^^ was ojaoiyziKi by UPLC ioLS dpsml^ tbo. 




. . . ' . litcUiOUOn- tiff*? I03v) ' 

t'*lG; 6; Ajataojudative as6a>^^ ib refioed uoxoasted 9c«d oil 

i>y the thtoicyoAfl^tir. mcthiKL. Ambu the l&cuUaiioh 

uixturce UO ml of 0.13 ml iiooleic acid in 9d?« EtOll. 10 ml of 0.1 M 
ihosphttte bufferrpH 7.0. .volvme adjusted to 26 ml by .lijO). 
v~^X;'Gontfol;; G—t^C",. KirKiiinor. dii^^ 10.2 mgh A — -A. 

i*hamiobU0.2mKU ♦ • ,r*iocophcroH0.2uij{);Or— -O.iiCKomuiol 

}.2 iiig): Ot Kc«amiiiul (0.5 mg); A A^epiKCsamiiiol (0.2 m^); 

- -A, epiacsamiuol 10.5 mg),* . " 



spaoinbi (liinor i imd ^•tocophproir 'us^ 
su^sUato by : thd: Uuo<o^iuii|t4>'i^ 

cpisosamiholai Worb roughly bqubr to*' 
X'tocophorol; It is clear than 8bsai]Qitto&'^^ 
seaanunols aro tho domihaht ahtiosudi^ 
cJuc to their potosscy and higher coii6 
/•tocopherol. Sosamlnpl was also lug;biy[;j! 
because a rplatiyoly largp amount orrcii^S^ 



•hr. . -. 

DISCUSSION 

• ■ ■•■ ■ • 

The increase in sesamol content diinjiag> 
process of the oU froin qnroasted sesfm^i^^ 
noted earlier by Honig (X 2H BudbWski (iii) «il 
(14). A nioro quantitativp and cletaUpdE' ' ^ 
antioxidant distribution was obtcuned in^^^i^^ 
work by the usb of HPl-GI The rbsultS 
show epimbrization Qi M+)scsarain 
conversion of - scsampUn to sesaihiriol ; (af i 
transformation) and its epinicrs. ^ y5$^ 

The recognition ot sesaniinol tto 
dominant antioxidant in refined^^oU ap]^^ 
considerable sigmficancel Scsamino!> fptuii}|" 
quantities in sesame seed and: aa^ i^^ 
of any taste, odoI^ olf xrolp^^^^ 
might be considorpci one of tho mosi imp 
antioxidants for food. Tho an tidxidative ; 
scsaminol in biological systems is ioiso aa 
topic related to the aging process* and iBi 

Thd con version of sosamolih to sesaz?^^ 
systehis seems, to bo an acid'Catalyz^ 
in voiymgsdssionand trax^ 
also of interest as a chcmicai reacUbh, U^ . 
which will bo reported elsewhere. 
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TAU1*K1 

'll-N.MU Uuln of ScKumlnol 11*3) ond t+>Scwiroip 









I'l-ulon no. 


Svttaininol (P3) 


(+)Scsamin (11) 










3.14 (2H,rn) . 


2.B8 (2H,m) 


* 


o 






4.7G (2H.d, J"3.8) , 


4.75(2H,d. J«4.0) 




o 






3.86 (2H.m) . 


3.74 UH.d,d, J'=4.0 andS.G) 








. U-4c/Bc 


4.36. 4.14 (2H.ro) 


4.10 t2U,d.d, J = 6.0 and 8,5) 




o o 






5.00. 5.97 (4H.8) 


5.92 (4H.8) 








H-276' 


6.46. 6.53 (2H.B) 


(Ai-H) 




o 
o 






6.60. 6.B6 (3H.m) 


G.83(61l.m) 


o 


o 




ArOH 


7.6 (1H.8) 





d. 



i 



^^^^ttoiaol extinct bf oU (oil no. 3 In Table 2) 
^ Vute, Mcsrck SLUca pUto GOK,».: •olyentV 
lir, UY Uinp. SciMnnplm; b. . (+|c|>l- 

j^^H cxlxaci £rojp»-i>U no. 3 odd with kcyi 
^ ' " ■ in 1)0 X> ;^«A«C^>?»*^^»^ »• McOll Vklcncl 
^jb va^o in !>0C walcr bol^fcir... . :v^^^;r 



' p«iurB bY'c<>ra with BcunmoUn and ocid 



kil lO-OpS:' clucal. McOlMliO (8.2); Hou 
-i^ mVco^^n'oiVH- G iiig ^cuonioUn; hcAling I hr. 
rJ>itik; > 2 ml corn oil + & ink ieaambUn 

in Vacuo In 90 C water bnlhl (o); Scaaihol; 



a Values, internal standard TMS. solutions in CDCl,. 200 MHi 
spcctro. J in Hz.. 



scsamolin» sesamol, sesamol dimer, sesaminoU its 
cpiaaortj and y tocopherol) in tho oils at each stop worp 
determined by HPLC analysis. The results shovvn in: 
Tabic 2 revealed that significant chemical changes took! 
place mainly at tho bleaching stage using acid clay. 
Those ivere opinidrizatApn^ 141%); disappoar- 

arice of sesamolin; mid j^r<^ sesamol. sesamihol, ■ 

its cpimers and a minor axiaoun of sesamol dimer. That • 
Hoaamol was produced from scsamolin during tho ; 
bleaching step and was removed in the next dcbdprizihg, 
step has been reported by Budowski et oJ, (lr-4), but the 
production of sesamixibl after thd bleaching step has nqt 
hoch reported boforo. Noteworthy is the fact that tlVo 
.sigiiifieunt amounts of sesaminol and its epiniers 
produced we^rcr not ais ;grca^^^^ decreased^ by the 
depdbrization step as was ScsainoL - 

The sosaminol imd y-tocophorol content in refined oil 
from three different sbiircps is shown in TablQ 3. 
Sesaminol content varied; fcom Qne^rpduct to anoth r. 
probably bctauso of Ithe differ(£m(?e in bleaching 
prpcedurcs. Of six sampjes^ two fr6m sourc , 

contained no diBtc<:table am^ ^ ^ „ 

Epimcrizatiorx of sesaminMndM 
arid its epinicrs. To inye^ti^teawi^ 
chaiigos^ himolyi opin^briiiitibn o (+)sesahiin ai*d^ 
production of sesamol aiid; sesamihol, in the bleaching 
stage as shown in Table 2 depend upon acid clay or not. 
2 nil of the oil before bleaching (6U no. 3 in Table 2) was 
waroicd in vacuo at, 90 C with addition of 0.5 g acid clay 
for one hr. Formation of (+)cpiscsamin, sesaminol and 
sesamol was confirmed by HPLC and TLC analyses as 
shown in Figure .4. If sesamolin were complctc^l^^^^^ 
decomposed to sosamoU the amount of sestimol would bp 
ca-l 54 mg/lOO^olLButactuaUy sesamol w 
oil; hence, it was assUmed that a part of sesainoUn 
converted to sesatninol or its epimers. To confirm t^^ 
point. 2 nil of cornvoil to Which 6 mg of sesamqli^^ >yas 
added was warmed in vabuo at 90 C with 0.5 g^apd clay 
for one hr. and the formation of sesaminol and sesamol 
were confirmed by HPLC analysis, as shown m Figure 5 
'Vii6sc r<>sults confirmeil^:th<^ producU^^ sesaminol 
from sesamolin by acid catilysi^^ More detailed 
examination of chemical aspects is in progress. 

Comparison of antioxidativc activities of antioxidants 
prcscn t in refined oil from unroasted seed. The resultis ot 
comparative stiidy of scsaminoU cpiscsammol. sesamol. 
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ANNEXURE. VI . 



Sl.No 



-r 

2 

3 
4 
5 



Tabic 1. C(HnfK>f^»oivt>flTecTrndicat7cavci»^ 



Sample 



TTKl \ 

T B H Q 
Caiechih 
Tannic Acid 

Sesame cake extract with McOH 



Cone. Of 
Antioxidant 



20|aM 
20 nM 
20 mM 
20 

1.925 ms/ml 



Free radical 
Scavenging Effect 
after 30inin. 



81.61 
98.88 
98.51 
98.88 
98.43 



j Sample 


EC50 


1 Antiradical power** 
(ARP) 


' Sesamol 


75 


13x10-" 


I a-tocopherol 


200 


5 X 10-" 


j Ascorbic acid 


125 


8X 10' 


! BHT 


300 


3.3 X I0-' 


1 TBHQ 


60 


16 X 10'" 


j Sesame cake 


154 X 10' i 
1 


0.648.x 10-'' 


! extraci(crude,methanolic 

1 


i 

. i 




: Sesame cake extract [ 


6.4 X 10 ' 1 


15 X 10*^ 


; (purified) 


30X10' i 


5.35 X 10"* 


1 Sesame seed extract 


1 

1 





"Antiradicni Powcr(.\RP) = 1 / EC 50 



As a result of ihe purification steps, the antiradical power has improved nearly 24 times 
as evident from values of crude and purified extracts respectively. 
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Tabic 3; Rcjulo of crude exrracrion srudics of jcsamcseed/cnkc 



Sample 


Extract 
weight 
(%) 


Antioxidant lienans in pnm (icme. \tcr Ks.) 
Scsnmoi Sesamin Scsamolin Total 


1, Sesame cike - 


20.2 


2359 


4431 


936 


8283 


cjcjDQCLed with 
Methanol 




t-T? 


^$95 


rs9 


1561 


2,Scsame cake 
extracted with 
Acetone 


20.0 


590 

lis 

1 


1661 
332 




2251 
450 


3. Sesame cake 
extracted with 
Ethanol 


14.0 


569 j 
SO 


2608 
365 


892 
125 


4089 
. 570 


4. Sesame cake 
extracted with 
Ethvl acetate 


12.4 


926 j 
116 1 

! 


5730 
720 


2120 
266 


8776 
.1102 

I 

t 


5.Sc$ame cake 
extracted vv^ith 
Isopropanol 


1.5 


1 

67.3 1 

t 


594 




— — ^ 

484 


6. Sesame cake 
extracted wiih 
Hcxane( ie. cakeoi i 


19 

1 
t 

1 


I 3220 
i 157 


■ i JZ^U j 

\ 


7.Scsameseed j 28.5 [ 3830 • 
extract with | j 433 
Methanol | I ; 


3998 
510 


2057 ( 9885 • 
262 1 1261 j 


S.Purified j 5.0 ! 22676 ; 
extract from cake i ! MOS 
as per our process 1 1 : 


1.05738 
5163 


12,500 
611. 


1.40,914 i 
63S7 i 


9.Scsamesccd i 72 j 16733 
extract puritlcd as 1 ; 225 1 
per our process. ! ! * 


5951 
555 


2235 1 
314 j 


22917 ; 
3220 

i 

1 



* Conditions of extraction: SoxhJet extraction by respective solvents for 16 hours . in 
taking 10 g sample under same conditions. The extract weight is expressed as % of raw 
material wei^jht. The antioxidant (Hgnan) conient is expressed as ' pans per million' ie. 
millitjpms of lignans present in I kg. of the extract. Alternately, the concentarrion of 
liijnan as milligrams present in I Ki>. of the raw material is also calculated and given in 
blue ink. . 

The results clearly show that by our process, there is enrichment of antioxidant 
compounds by 4.5 times at least on raw material weight basis itself 
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120-1 —«— Control 

— TBHQ 200ppm 
— A— BHT 200ppm 

— ▼ — Sesame 1 0ppfn(cnjde, methanolic extract) 
— — Sesame 50ppm(crude,methanolic extract) 
Sesame 200ppm(crude.methanolic extract) 




Storage time in weeks 
Fig. 1a. Peroxide value(milliequiv. O^/Kg ) of Soybean oil stored at 60^C 

Applicant: 

Council of Scientific &!ndustrial Research, New Delhi,lndia. 



